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FORSHDIw 


'Ihis  report  ^•as  prepared  by  the  Pennsylvaziia  State  *iniversity 
under  USA>  Contract  AF  33(t3S)-13193.  contract  ii^itlated 
under  Task  Mo-  73333  U'oreerly  So*  6l3-15>  "lydrauiic  Fluids  and 
Lubricants  i&-1576**)  .and  vas  adsinxstered  tinder  the  direction  of  the 
Materials  Laboratory,  Dlrectorala  of  Research,  Hright  Air  Developaent 
Center,  with  Mr.  B.  U.  Sneed  acting  as  project  engineer. 

Research  work  for  the  Air  Force  on  Fltdds,  Lubricants,  Fuels 
and  Related  Materials  by  this  Lib.‘"*atory  has  been  a continuotu  project 
since  March  1941.  "nie  work  frea  March  1941  to  Ji^  1945  was' conducted 
under  {Rational  Defense  Research  Cocmittee  Contract  C£Msr408.  Vibrk-frea 
July  1945  to  October  1951  was  c^ducted  under  Navy  Contract  XOrd  7953  (B) 
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This  report  describes  woric  carried  out  on  a contiAuing  project 
to  develop  ioproved  fluids,  lubricants,  and  fuels  for  use  by  the*Air 
Force,  liie  current  report  deals  pri>arily  with  the  developcent  of  hi^ 
♦.e^>erature  hydraulic  fluid  and  jet  engine  lubricant  and  the  study  of 
dirtiness  characteristics  of  jet  fuel'  at  clevat'id  tesperatures. 

The  Ii/draulic  fluid  de^'elopaent  goal  is  a fluid 'suitable  for 
use  £t  700®?.  for  a liaited  tice  in  a sealed  hydraulic  unit.  The 
properties  of  high  quality  exasples  of  the  folioving  ch^cal  classes 
have  been  neasured;  silicones,  silicate  esters,  diesters,  pentaery- 
thritol  esters,  silicone-ester  blends,  nineral  oils,  synthetic  Iqrdro- 
carbons,  polyglycol  ethers,  chlorinated  arceatlc  hydrocarbons,  ans:  aiyl 
phosphates.  The  properties  ceasured  include:  viscosities  froa  0®  to 
♦7C0®F.,  thercal  stabilities  froa  500®  to  750*?.,  ox5.dation  and  corro- 
sion stability  at  347*  and  500®F.,  and  operation  in  a hydraulic  pusp 
(vane  type)  at  500®  to  600®F. 

The  jet  engine  lubricar.t  goal  is  a fluid  suitable  for  use 
for  extendeu  periods  at  500®  to  600®F.  bulk  oil  tesperature.  The  case 
general  cheaical  classes  onuserated  for  i^raulic  fluids  have  been 
included  in  the  engine  oil  studies-  Particular  esphasis  in  the  jet 
engine  oil  studies  has  been  placed  on  lubricity  studies  and  severe 
o^ddation  and  corrosion  evaluations  at  500*F. 

Jet  fuel  dirtiness  has  been  studied  frea  tvo  basic  approaches. 
An  attcapt  has  been  nadc  tc  ressove  the  dirty  ccc^nents  free  a fuel  Igr 
physical  separation  techniques.  Secondly,  a laboratory  oetl^  of 
reprcducing  high  tesperatiu^  dirtiness  in  jet  fuels  is  beli^  studied. 
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Coupled  witn  the  above  progracs,  scce  aiscellaneous  investi- 
gations of  hydraulic  fluid  and  lubricant  problsss  have  been  conducted 
at  the  request  of  the  Services.  In  addition,  viscosity  standards, 
e^q^erisental  fluid  and  lubricant  foxaulaticns,  and  reports  prepared  ty 
this  laboratory  have  been  distributed  at  the  request  of  industry  and 
the  Services. 


PUEUCATKSi  RSyiErf 
This  report  has  been  revieved  and  is  approved. 
FOR  TKS  COMAHI^: 


M.  R.  Khitcore 
Technical  Director 
Materials  Laboratory 
Directorate  of  Research 
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HIGH  T2MPSRATURB  HYDRAULIC  FUttP  S7UD1BS.  Hlth  respect  to 
hi^  t-€Q)perature  hydraulic  fluid  developnent.  emphasis  Is  bolrig  p^ced 
on  the  actual  iseasur^ent  of  properties  and  t^e  testing  of  the  fltilds 
at  high  teaperatures,  as  opposed  to  the  extrapolation  of  fluid  behavior 
as  d.'terained  at  lexer  temperatures.  Prelialr^ry  wor*j  diccussed,  in 
this  report  indicates  the  value  of  such  a progr^.  ^tat  is,  sl^dflcant 
diffe2'^''e3  are  shorn  to  exist  between'  extrapolated  values  and  d^exiidned 
values  In  terns  c:'  properties  such  as  oxidation.^d^wrrosion  stability, 
thensal  stability,  lubricity  level,  and-viecosity-t«^*^ture  ct^racteiv 
Istlcs.  ~ _ 

Base  stock  cosponents,  as  well  as  .see  fi^shed^fomulatlons, 
representing  vario**^  che^cal  claves  are  bel^  ev^uatedr^  t^se  ^ 
studies.  Classes  *cp»^sented  in  current ’studies  are  silicones,  sili^ 
cates,  diesters,  sillcone-diester  blen^,  pentaerythritoV  esters,  aineral 
oils,  synthetic  hydrocarbons,  polyglycol  ethers,  chibrinated':arcaa^cs, 
and  aryl  phosphates.  - 

Low  temperature  linits  have  been  reiax^  for  these  stucUes. 

Also,  some  eateries  of  construction  are  elipinated-  due  to  the  hi^ 
temperature  operational  requirments.  This  allows' the  »ccnsidarat^n 
of  ecce  materials  eliminated  at  lower  temperatures  for  ^sCsops  such  as 
low  temperature  behavior^,  metal  corrosion,  an%"rubber  jsweUing. 

Apparatus  and  a procedure  for' the  m^siurement  of  the  viscosity 
of  fluids. and'lubricants  at  .^es^raiuns  up  t(><700^F«  have  been  developed. 
Operation  of  the  visc<»eter  is  no  more  dlf^ii^t^t  temperatures  in  the 
range  of  500*  to  700*P:  thM  in  a constant  temperature  bath  at  lpO*F.  The 
standard  ASIH  viscosity-tes^rature  h^  been  extmded  to  include 

temperatures  up  to  700*P.  ai^  viscosity  values  down  to^ 0.4  < a centl- 
stoke.  Some  eaq^eriment^  viscosity  values. are  given.  These  values  point 
cut  the  deviation  of  the^detemined  values  frea^the  values  extrapolated 
frcaa  the  standard  ASIK  viscoslty^temperature  chart,-  ^ 

It  is  indicated  that  high  tes^rature  hydraulic  ^st^s  will 
be  sv^'^.^d  cr  pressurised  units,  ^lis  tends  to  shift  the  primary  emphasis 
in  fluid  evaluation  f xcq  oxidation  stability  to  thermal  stability.  Two 
types  of  lu  tTiperature.  thermal  stability  lavaXuations  are  discussed. 

In  one  case,  dcccmposition  products  can  escape  throiigh  a liquid  seal. 

In  the  second  case,  all  deccapositicn  products  are  confined -In  a stain- 
less  steel  pressure  cylinder.  This  shift  in  primary  eo^hasis  from  oxida- 
tion to  thermal  stability  is  ^own  to  cause  a change  in  tte  rdative 
positions  of  the  various  compounds.  Data  are  presented  indicating  that 
a decrease  in  thermal  stability  can  rasult  frea  the  inclusion  of  certain 
additives  in  a firlshed -formulation. 

It  is  indicated  that  700*F.  hydraulic  ^sterns  may  have  to  be 
designed  on  the  basis  of  greater  irrfXsssability  hazards  tecause  of  the 
presence  of  small  amounts  of  decomposition  products  in  ti^  ^stea.  The 
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relative  positions  of  the  various  classes  of  coapounds  listed  above,  in 
terns  of  themal  stability,  are  shovm. 

Ccnventional  hydraulic  .fluids  aake  use  of  polymeric  thickeners 
to  achieve  good  viscosity-temperature  characteristics.  Data  are  presented 
to  indicate  that  none  of  the  conventional  polymeric  thideeners  is  themally 
stable  at  these  higher  te^ratures. 

K?lative^  mild  oxidation  and  corrosion  tests  at  5CCF.  have 
'^‘«n  conducted  to-show-the  effect  of  air  leakage  into  a closed  hydraulic 
system.  Sss*'*!'  ially  all  of  the  compositions  tested  show  a cat^clty  to 
assiaUate  s^nll  amount",  digrgeA  without  serious  deteriorat^n  cr 
dirtiness. 

< 

Trace  dlz‘tiness  caxised  ty  the  use  of  phenothiasine  as  an  oxida- 
tion Inhibitor  in  dibasic  acid  ester  compositions  has  been  studied.  The 
effect  of  tricresyl  phosphate  on  the  themal,  oxidation,  and  corrosion 
stability  of  ester-base  compositions  has  been  meas^ed. 

A program  to  study  the  effect  of  oil  deterioration  on  the 
operation  of  doss  clearance  slide  val'\^s  in' hydraulic  systems  is  des- 
czlbed.  Trace  dirtiness  occurring  vdthin  the  stable  life  of  an  ester 
fluid  appears  to  caitse  no  appreciable  change  in  slide  valve  friction. 
Relatively  severe  oxidati&!i  of  the  ester  at  500*P.  causes  a large 
increase  In  slide  valve  friction.  The  friction  inewase  is  attributed 
to  the  formation  of  a hard  lacquer-like  deposit. 

The  interrelation  of  copper-berylliua  alloy  and^the  oxidation 
and  corrosion  deterioration  of  several  fluids  and.lub^cants  is  shown. 
Co^r-beryllium  appears  to  have  sme  effect  on  the  o^ddatlon  stabiUty 
of  fluids  and  lubricants.  This  effect  ai^ars  to  be  intermediate  between 
that  shown  by  metals  such  as  copper  and  bronze  and  that  ea^rted  by  metals 
such  as  steel  and  alualnua.  The  coppcr-berylliua  alloy  does  not  appear 
to  be  affected  adversely  by  the  test  fluids  studied. 

A B)cck-i^  hydraulic  system  has  been  cons^r*.)cted  for  operation 
at  temperatures  up  to  600*F,  A Vickers  model  VT4-100tAO-75-10  vane  pim^, 
designed  for  automotive  hydraulic  steering  units,  has  been  found  to  give 
satisfactory  operation  at  temperatures  up  to  600*F.  with  a mineral  oil 
fluid.  The  design  of  the  pump  minimizes  the  problems  of  mechanical 
failure  and  allows  fluid  testing  to  go  forward  without  a multiplicity  of 
mechanical  problems.  A fluidized  solids  bed  type  of  beat  exchanger  has 
been  used  successfully  to  simply  heat  to  the  test  fluid  cycle  without 
local  overheating  of  the  fluid.  Observations  at  500*F.  have  been  i^cxe 
concerning  l:tbricity,  rubber  compatibility,  oxidative  and  thermal  sta- 
bility, and  shear  behavior  of  the  lubricant.  In  ad^^or.  to  the  wei^t 
loss  sustained  by  the  vanes,  two  other  .methods  for  the  evaluation  of 
lubricity  of  the  test  fluid  have  evolved.  In  the  case  of  rather  severe 
wear,  colloidal  metal  particles  appear  in  the  fluid  stream,  ^condly, 
the  critical  wearing  areas  on  the  valve  plate  and  the  cam  ring  have  been 
evaluated  for  surface  roughness  with  a Brush  Development  Co.  surface 
analyzer.  The  relative  behavior  of  various  fluids  proposed  for  use  as 
high  temperature  lubricants  is  discussed.  In  gener^,  the  mineral  oils. 
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esters,  and  polyglycol  ethers  show  adequate  lubricity  while  the  silicates 
and  a silicone-ester  blend  (SD-17)  ^.ow  poor  lubricity  at  500*?-  in  this 
vane  puap.  All  of  the  fluids  evaluated  shoved  adequate  stability  for  four 
hours  at  550^F.  naxlmua  oil  temperature  in  this  hydz^ulic  systess  wMch  is 
open  to  the  atmosphere.  ' 

A survey  rej^rt,  PSL  6.3-Dec53  entitled  ”S«ao  Properties  of:  Spec. 
liSydraullc  Fluid  at  HLevated  Temperatures"  has  been  issued;  „ High 
t«£pt:rature^stability  properties  of-Spec.  MIL-0-5606  are  emphasized,  ^port 
PBL  6.3*06053  is  attached  to  this  report  as  AppendiJc  A. 

HlCri'  Ta'jPgjArjRE  JET  SXGIHS  OIL  STUDIES.  Much  of ‘the  data 
ol:ta:j:'ed  in  the  studies  with  high  tesg>eraturc  hj^draulic  fluids  also  finds 
applicacion  in  the  wozic  carried  ozit  on  hi^  te^erature  Jet  engine  oils. 
However,  the  Jet  engine  oil  requirements  are  saae>diat.ao?e  severe  in  that 
low  temperature  requirements  are  retained,  more  active  metals  of  construc- 
tion are  present,  and,  because  the  ^sterns  ar«  not  readily  sealed,  <ndda- 
tion  stability  is  of  major  importance.  Fluid  lubricity  is  also  a major 
requirement  of  Jet  engine  oil.  The  classes  of  chemicals  being  surveyed 
as  high  temperature  Jet  engine  oils  Include,  as  in  the  case  of  the  hy^>^nlic 
iluid  survey,  the 'following:  silicones,  silicate  esters,  diesters,  pentcery- 
thzitol  esters,  nonoestera,  mineral  oils,  ^rnthctic  hydrocarbons,  "poly- 
glycol  ethers,  chlorinated  hydrocarbons,  and  atyl  phosphates. 

The  evaluation  of  some  ad^tion^  materials  for  use  as  lubricity 
additives  in  improved  lubricants  is  described.  A series  of  cespot^s 
containing  an  acid  hydrogen  along  with  other^^elements,  such  as  chorine 
or  sulfur  which  are  present  in  some  conventional  extreme-pressure  addi- 
tives, have  been  studied  as  additives  in  ester-  and  mineral  oil-basc 
fluids.  In  general,  these  matezials  are  not  cempetitive  with  the  alicyl 
acid  ]»os;^tes  on  the  basis  of  solubility,  lubricity  isprovement,  and 
metal  corrosion  under  the  conditions  of  the  Spec.  M^L-7608  oxid'ition 
and  corrosion  test. 

The  study  of  the  effect  of  storage  time  on  neutralization 
nund}er  increase  and  lubricity  of  Spec.  MXL-L-760d  type  fluids  contain- 
iz!g  alkyl  acid  phosphite  additives  is  discussed.  Alkyl  acid  ^ospbites 
made  from  secondary  alcohols  give  the  best  storage  stability  in  terns 
of  neutralization  number  increase.  AIL  of  the  alkyl  acid  phosphites  show 
increased  lubricity  after  storage  in  finished  blends  or  neat. 

Wear  behavior  in  the  Shell  foxir-ball  wear  tester  with  H-10 
tool  steel  and  heat  stabilized  52-lCX)  steel  bearing  surfaces  is  ccopared 
to  that  showi  ly  the  convention^  52-100  S.P.  type  bearing  surfaces. 

^ae  preliminary  work  has  been  carried  out  in  the  Shell  four- 
ball  wear  tester  with  titanium  and  titanims  alloy  test  specimens.  Hard- 
ness y^ucs  for  the  various  titanl^s  and  titanium  alloys  are  given. 
Indications  are  that  titaniua-on-tltaniia  bearing  surfaces  are  extremely 
difficult  to  lubricate  even  at  low  loads.  The  majority  of  zhe  tests  have 
been  conducted  using  a steel-on-titanius  or  titanizsa  alloy  bearing  system. 
Phosphorus-containing  additives  are  not  particularly  effective  for  lubri- 
cation of  these  bearing  surfaces.  It  appears  that  a chemically  erosive 
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additive  is  required  to  the  rotating  steel  ball  free  of  titahiun 
pick-up  fr«  the  stationary  balls.  It  would  appear  that  .steel-onr 
titaniun'  bearing  loads  might  ^ at  least  as  restrictive  as  steel-bn^ 
•bronze  bearing '*lcads. 

A rather  extensile  study  of  the  phenomenon  of  ' dirti?- 
ness"  in  lubric^^nts  containing  an  amine  type  oxida^cn  inhibitor^  such 
as  pheno^hiazine^  is  described.  Studies  to  detenaine  the  effect  of 
varying  coi.ceiitrations  of  pxieno tttiizine  on  the-bxidative  characteristics 
of  lubricants  at  test  temperatures  of-347*>  400%  and  5^“?.  have  been 
carriea  cut-  3he  esphasis  in  this  study  has'^been  directed  toward  deters 
mining  idjat  »«^crxfice  it  nrcperties  may  result  fixe  obtaining  increased 
fluid  stable  life  by  increasing  phenothiazine  conc^tratlon.  The,  data 
obtained  indicate,  in  general'^  that  it  is  dcsixable'-to  obtsdn  as  much 
inherent  Ability  as  possible  by  ester  and  bulk  fluid  constituent 
reflTilng  sc  that  the  concentration  of  .i^enothiazine  may  be"  held  to  a 
miidfflUD- 


The  evaluation  of  fluids  with  respect  to  oxidative  behavior 
at  500**F.  has  been  extended  to  include  cca^lete  hydraulic  fluid  and 
lubricant  formulations.  Ihe  effect  of  phosphonas-contaj ni ng. lubricity 
additives  on  complete  lubricant  formulations  has  b^n'empha^zed  in 
these  studies.  The  presence  of-Aciyloid  polymer  in  the-firilshed  fluid 
has  no  effect  on  the  oxidative  deterioration  of  the' fluid.  All  of  the 
phosphorus-containing  ester  fluids  evr'^uated  at  500*F.  in  an  accelerated 
oxidation  test  show-iPiCreased  sli^i^  tc.**«ncies.  , . 

The  use  of  hindered  phenol-dialkyl  acid  pbo^hite  additive 
combination  has  been  studied  in  mineral  oil.  The  dialkyl  acid  phos- 
phite has  been  shown  previously  to  have  a ^nergistic  effect  on  oxida- 
tion stability  of  various  dibasic  acid  esters.  The  dialkyl  acid  i^ios- 
phite  shows  a synexgistic  effect  on  the  oxidation  stability  of  naphtlienic 
mineral  oils  containing  hindered  phenol  oxidation  inhibitors.  As  the 
molecular  weight  range,  or  the  viscosity  level,  of  the  i^phtbeniC'type 
mineral  oil  Increases,  the  effect  of  the  hindered  pbenol-di&lkyl  acid 
phosphite  inhibitor  cembinatien,  as  well  as  other  conventional  o^^atioh 
inhibitors,  diminishts.  Kith  a well  rellned  naj^thenic  mineral,  oil  of 
about  10  centistokes  at  1C0*F.,  the  wddation  and  comsion  requir^ents 
of  Spec.  MIL-Xi-700d  can  essentially  bo  met  with  an  iz^bitor  cccq^rising 
.0*5  wei^t  per  cent  of  a dialkyl  acid  phosphite  and  a hindered. i^enol. 

The  study  of  the  effect  of  storage  on  cxidatioD'  and  corrosion 
stability  of  Spec.  MIL-Ir-TSOS  ester  type  lubricants  ccst^ning  pheno- 
thiazihe  and  diali^rl  acid  phosphite  additives  has  been  continued. 

Oxidation  and  corrosion  studies  at  500*F.  have  been  continued. 
jEhphasis'is  placed  on  relative  oxidation  rate  and  the  amount  of  deter- 
ioration noted  for  a given  amount  of  oz^gen  assimilated.  Thejre  is 
essentially  no  Induction  period  or  stable  life  at  500*F.  Aroclor  1248, 
two  ccQsaercial  silicate  fon&ulations,  scse  polybutene^oils,  and  several 
pure  hydrocarbons  have  been  evaluated  under  vaiying. degrees  of  severity. 
These  data  siq}pleaent  the  resu_ts  of  similar,  evaluations  of  various 

WADC  TR  53-30  Pt  3 . - - 


i 

\ 

I 


' ! n 
, ? 


n: 


I 


t 

1 

. I 


\ 


fluids  discussed  in  report  PRL  5.8-‘Scp53.,  Aroclor  1246  and  aethyi  phenyl 
silicones  both  show  outstanding  oxidation  resistance  at  500*F.  The 
resaining  classes  of  fluids  listed  pre'dously  for  hydraulic  fluid  and 
;jet  engine  oil  studies  fall  in  the  saoe  general  area  with  respect  to 
relatively  sevei:^  oxidation.  These  caterials  do«  however,  show  a 
capacity  for  the  assinilation  of  substa.itial-aso\ints  of  oxygen  with 
what  would  appear  to  be  tolerable  property  changes  for  Jet  engine  use. 
Further  work  in  high  te:^rature  oxidauion  and  corrosion  testing  is 
being  directed  tov^rd  ways  by  wbioi  the  capacity  for  co^cn  assinila- 
ticn  psay  be  utilised  in  a lubricant  ^stea  tc  best  advantage. 

The  effort  of  phosphorus-containing  lubricity- additives  on 
the  thermal  stability  of  Spec.  KH-L^7d06  type  ccepositiorn  has  been 
studi  d,  TricresyX  phosphate  as  well  as  the  alkyl  acid  phosphites  and 
S^sphates  appear  to  have  sooe  adverse  effect-on  the  thexr&al  stability 
of  dibasic  acid  esters  at  500^F.  and  above. 

Several  esters  of  nonobasic  acids  and  pxdcary  alcohols  have 
been  evalxiated  as  base  stock  mterials.  ^ese  arc  cc&pared-in  this 
report  with  sose  of  tne  z&ore  cocsion  dibasic  acid  esters. 

Several  experiinental  fluids  containing  pho^horus-type  anti- 
wear  additives  have  been  prepared  for  evaluation  in  the  I^der  gear 
tester  and  the  panel  coking  test. 

JET  FU5L  DIBTIKESS.  A study  of  Jet  fuel  dirtiness  has  been 
- undertaken.  Both  e^dstent  and  potential  values  for  gisi  and  dirtiness 
are  included  in  t'nis  study.  This  problea  is  being  studied  froa  two 
separate  approaches.  An  attespt  is  being  sade  to  remove  the  dirty 
cc£:po:ients’  fron  the -fuel  by  scans  of  physical  separation.  Secoxxily, 
laboratoxy  methods  of  achieving  high  teaperature  dirtixxsss  with  actual 
Jet  fuels,  as  well  as  pure  hydrocarbons,  is  b^g  studied. 

For-the  first  phase  of  this  prograa,  JP-4  referee  fuel 
obtained  free  the  Baltisore  Befineiy  of  the  Ssso  Standard  Oil  Ccepary 
has  been  used.  Tois  fuel  exhibits  borderline  dirtiness.  Th^s  JP-4 
referee  fuel  has  baen  subjected  to  physicaD.  separation  processes  Including 
fractional  distillation,  liquid  extraction  with  a liquid  asaonia-aethyl- 
aaine.  solvent,  and  silica  gel  absorption  in  an  attest  to  study  the 
dirtiness  characteristics  .of  concentrations  of  the  various  classes  of 
hydrocarbons  present- in  tbe  fuel. 

For  the  secot^-'phase  of  this  prograa,  particular  emphasis 
has  been  placed  on  the  'tfi^ency  to  fora  gia  and  insolubles  ^en  subjected 
to  accelorated  oxidation  or  ageing  tests.  Preliminary  results  indicate 
that  the  solution  to  the  probleas  as  to  how  and  why  gto  and  insolubles 
form  on  storage  is  extremely  ccaplex.  In  general,  the  degree  of  dirti- 
ness noted  with  this  JP-4  referee  fuel  and  Its  various  fractions  carnot 
be  reproduced  with  simple  pure  hydrocarbons  i*x  the  JP-4  boiling  range,  or 
mixtures  of  these  pure  hydrocarbons. prepared  to  simulate  the  composition 
of  JP-4  by  hydrocarbon  classes.  The  aromatic-rich  fractions  of  JP-4 
show  the  hipest  overall  gx=  forming  tendencies,  >diile  the  more  par^finic 
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fractions  show  a higher  proportion  of  insolubles  in  the  total  gua. 

Ihe  effect  of  oxidation  inhibitors,  dispersants,  and  oxygenated 
solvents  on  JP-U  referee  fuel  fractions  has  been  studied.  The  use  of 
oxygenated  solvents  is  the  best  of  these  three  approaches  in  reducing 
Insolulle  gua  foication  under  severe  oxidation  conditions. 

Jiaple  distillation  and  silica  gel  adsorption  appear  to  be 
effective  in  reaoving  existent  gm  frca  this  JP-4  referee  fuel.  The 
data  iiWuca-v^  ‘hat  gia  oay  consist  of  high  aolecular  weight  products 
resulting  froa  oxidacion  of  the  original  hy<5rocarto'is  follexe!!' by  polyaeri- 
zaiion  or  condinsation« 

A test  unit  to  siaulate  the  thetaal  history  of  jet  fuel  flow 
froa  the  tank,  through  the  heat  exchanger,  to  the  burner- nozzle  has  been 
designed;and  built.  This  unit  is  designed  to  circulate  fuel  at  a desired 
rate  and  syetea  pressure  through  a heater,  a porous  aetal  filter,  and  a 
cooler,  in  that  order.  The  rate  of  pressure  drop  Increase  across  the 
filter  is  taken  as  an  indication  of  fuel  dirtiness.  Prulininary  tests 
indli-»t-  that  this  tester  is  capable  of  differentiatlrg. between. fuels 
of  different  dirtiness  characteristics.  Scoe  redesign  of  the  unit  appears 
desirable  to  facilitate  cleaning  of  the  aetal  surfaces  betwen  tests. 

VT«vyt3.iliaous  sruptfc--  Developoent  work  on  a thin  fila  pre- 
servative fluid  for  hydraulic  equipaent  has  beea  undertaken  for  the  Kavy 
Bureau  of  Ordnance  under  S-.^plcaental  Agreeaent  34(53-1095)  of  Coatract 
AP33(038)18193.  Preliainaiy  studies  are  concerned  with  the  devalojnent 
of  a plasUcized  polyaer  fila  containing  an  effective  rust  preventive. 

The  priaary  aethod  used  to  aeasuru  the  rust  protection  is  the  hxssidzty 
cabinet  type  of  rust  test.  Studies  have  been  aade  with  Acryloid  and 
Polybutene  poljaeilc  aaterials,  with  dibasic  acic  esters  and  aineral  oil 
as  plasticizers,  arn  with  calciua  petroleua  s^onate,  barim  petroleirs 
sulfonate,  and  allyl  acid  phosphate  and  phc-p.iAte  rust  preven^ve  addi- 
tives. The  effect  of  fila  viscosity  and  solvent  concentration  on  fila 
thi^ess  has  been  aeasured.  A quantitative  aethod  of  evaluating  the 
aaount  of  rusting  on  the  test  strip  is  described.  The  Aainco  Aire 
huaidity  cabinet  has  been  calibrated  with  fluids  of  known  rust  preven- 
tive characteristics. 

Several  used  Spec.-Hll/-I.-6387  hydraulic  fluid  saapies  have 
been  inspected.  Except  for  an  expected  viscosity  decrease  due  to  the 
shear  severity  of  the  alternator  drive,  there  appears  to  be  very  little 
change  in  fluid  characteristics.  An  engine  tine  of  465  hqurs  was 
indicated  for  one  o.f  the  sanples. 

Shear  stability  reference  polyaer  HFS-4  has  been  evaluated  and 
found  to  be  acceptable  for  use  in  Spec.  HII/-F-5602  shear  stability 
reference  fluid. 

This  Laboratory  has  cooperated  with  the  Section  B,  Research 
Division  VII,  ASIM  Cocnittee  D-2  in  the  evaluation  of  the  peroanent  vis- 
cosity loss  due  to  shear  of  two  non-Kewtonian  test  oils.  The  data 
obtained  is  discussed  and  ccepared  to  sinilar  results  obtained  with  Spec. 
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liIL-0-5606  hydraulic  fluid  arid  Spec.  MlL-?-5602  shear  stability  reference 
fluid. 


This  Laboratory  has  supplied  five  gallons  each  of  tvo  non~ 
Kewtonian  fluids  (polyseivcontaining  fluids)  and  one  Newtonian  nineral 
oil  to  Prof.  2,  B.  BuBois  of  Coitiell  University  for  testing  in  a journal 
b^-aring  rig.  These  tests  were  coxuiucted  luwier  an  KACA  contract.  The 
,usbd  sa:^les  frea  thin  test  program  have  been  evaluated  by  this  Laboratory. 
There  is  no  evidence  of  pendent  vlff  .-Ity  aa-.'ease  due  to  shear  in  these 
sanpDes,  The  data  froa  the  journal  bearing  rig  show  that  the  non-Newtonian 
fluids  give  a irjb’»*-anUally  lower  friction  value  than  a Kewloaian  fluid  of 
the  viscosity  without  causing  an  appreciable  reduction  in  filr  thick- 
ness of  the  lubricant  in  the  journal' bearing. 

Ten  fouivoiuice  saaples  of  PHi.  2815>  the  low  teaperaturc  viscosity 
standard^  has  been  distributed  during  this  period. 

Thirteen  saaples  of  fluids  arji  lubricants  have  been  fomulated 
by  this  Laboratoiy  and  distributed  .to  the  Materials  Laboratory- and  Service 
contractors  as  requested. 

Copies  of  s^eral  reports  have  been  distributed  to  industrial 
organisations  at  the  request  of  the  Wright  Air  Developcent  Center. 
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This  report  ccsprices  a sirsaary  of  the  work  whioh  has  been 
carried  ott  under  Ov.itract  /F33(035)181$3  for  the  year  of  1 October‘1953 
througa  3C  Septcaber  i95^».  This  Is  the  third  yearly  report  on  this 
contract.  Studies  and  investigations  ccatesplated  for  the  future  are 
also  outlines. 

A series  of  conferences  were  held  at  the-Wi^ht-Patterson 
Air  Force  Base  on  Kay  13  and  14  between  Ors.  Fenske  and  Klaus  of 
this  Laboratory  and  representatives  of  the.Haterials  laboratory, 
rower -Plant  laboratories.  Aircraft  Laberatories  and  > Weapons  Systess 
Laboratory.  The  purpose  of  these  conferences  was  to  .define  better 
the  high  tesperature  problesis  currently  being  encountered,  as  well 
as  those  predicted  for  the  future  in.bydr: 'ilic  fluids, -engine  lubri- 
cants, end  Jet  fuels.  One  of  the*  purposes  of^these  conferences  was 
tc  forsallae  the  direction  of  research  and  develocoent- efforts  under 
Contract  AF33  (038)18193  toward  current  and  future  high  tesperature 
problesis.  It  was  indicated  that  future  work  on  thls  ccntzact  should 
be  focused  on  the  following  three- iteas.-  These  iteas  are  listed  in 
order  of  decreasing  priority  or  urgency  insofar  as  canpower  is  Unit- 
ing. Tney  are  all  ieportant,  ar.d  the  esphasis  is  subject  to  change. 

It  was  decided,  as  a result  of  these  discussions,  that  future  quarterly 
and  yearly  reports  would  be  widtten  in  three  separate  sections  to  cover 
these  three  cajor  itens.  This  pxx)cedure  has  been  followed  in  quarterly 
report  PRL  5»11-Jua54  and  in  this  yearly  report. 

(1)  The  developcent  of  a hydraulic  fluid  for  use  at  tespera- 

tures  as  high  as  700*F«  is  desired.  This  type  of  hydraulic  fluid  would 
be  used  in  closed  hydraulic  systess  freo  Wiich  o^gen  can  be  excluded. 
Thus,  the  thetaal  stability  and  the  effects  of  quax^ities  of 

oxygen  are  core  isportant  properties  tha.n  severe  oxidation  in  the 
presence  of  large  quantities  of  air  or  oxygen.  The  desired  life  of 
the  fluid  at  700*F-  is  of  the  order  of  5 to  10  hours.  It  is  inportazit 
that  tbe.hyiraidic  fluid  supply  adequate  Iti^ricity  for  p\ap  operation 
and  adequate  viscosity  to  control  volicetric  ef^cienqy  arid  leakage 

at  high  tesperature?. 

(2)  The  developoent  of  a Jet  engine  lubricant  for  operation 
in  engines  having  bulk  oil  tesperaturcs  of  500*  to  .600*F-  is  desired. 

In  these  ^st^s,  bearings  cay  be  as  hot  as  750*?.  This  prablea  bears 
cany  sicilarities  to  the  develotnent  of  the  7C0*y.  hydraulic  fluid. 

The  oajor  differences  are  the  increased  availability  of  air,  increased 
lubricity  deaands,  and  increased  operational  life  in  the  case  of  the 
Jet  engine  oil^  If  the  desired  properties  can  not  be  achieved  *n  their 
entirety,  the  factor  to  be  gained  ’in  useful  life  of  the  engine  by 
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Bechanlcal  Inproveaents  such  as  seals  and  se^ented  cil  reservoirs  viU 
be  eaqjlored  frca  the  point  of  view  of  the  oil. 

(3)  A further  study  of  jet  fuel  dirtiness  is  desired.  Partic- 
ular ea^iasis  in  this  study  is  being  placed  on  the  fotnation  of  high 
teaperature  dirtiness  or  insolubles  in  the  fuel.  This  type  of  dirtiness 
is  being  'Uicountered  in  oil-fuel  heat  e:^hangers  and  in  nozzles,  of  the 
jet  engines  buming  this  pxeheatcd  fuel. 


iiicse  three  11^3  will  be  esphasiaed  in  future  worif  and 
reports.  A fu  idaaectal  study  of  high  temperature  properties  of 
hydraulic  fliu.ds>  ixibricantsj  and  their  ccaponents  has  been  tmdef^  way 
at  this  Laboratoxy  for  several  years.  Now  that  specific  goals  have 
been  set  up^  these  earlier  studies  will  serve  as  valuable  backgzptind 
on  >diich  to  base  more  specific  investigations.  It  is  reco^dzed  that 
all  of  the  requirenentSj  or  property  lixalts^  indicated  to  be  desirable 
for  a TOO**?.  h7<i^Aulic  fluid  or  600*F-  jet  ei^ine  lubricant  say  not  be 
readily  obtained.  That  is,  there  cay  be  several  fluids  >dilch  ceet  the 
cajorlty  of  the  requlresents  of  the  hydraulic  fluid  and/or  lubricant, 
but  cay  fail  other  requircaents.  The  rsquireaents  failed  by  the  various 
fluids  will  probably  not  be  the  sace.  Therefore,  it  is  planned  to  evultt- 
ate  thoroughly  all  coopositlons  that  show  precise  as.high  tee^ratxure 
fluids  and  lubricants  to  detemine  not  only  vhether  th^  ceet  the 
specific  requirements  set  forth  but  also  to  detenaine  by  what  car£^ 
these  fluids  pass  or  fail  all  the  various  requireaents.  Since  not'  all 
of  the  systeais  into  idiich  these  high  tes9>erature'fluids  will  go  have 
been  successfully  built  as  yet,  these  data  should  prove  helpful  to 
designars  and  engineers  in  .their  present  ind  future  wortc.  ‘ 

Kork  on  JP-A  jet  fUel  dirtiness  has  been  started  within  the 
last  nine  conths  by  this  Laboratory.  This  work  will  be  continued  along 
the  lines  discussed  in  this  report. 
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I.  HIGH  TrJtfSaATURS  HXEfiAUUC  FLUIS)  STUDIES 


A.  GSliSRAL.  The  cuxrexit  need  for  a hydraulic  fluid  suitable 
fvr  use  at  500*  to  550*F.,  and  the  need  in  the  near  future  for  a 700*F. 
hydro-ulic  fluid  have  been  eaphasized  in  recent  discussions  Kith  the 
Materials  Laboratory  of  the  Vrl^t  Air  Developcent  Center.  Primary 
caphasis  in  the  current  program  at  this  Laboratory  under  Contract 
^3(038)lJQ’5r  the  study  of  fluids  suitable  for  use  as  both  500® 
and  700®F.  »>iraulic  fluids,  ^pbasis  has  been  placed  on  the  actual 
testing  of  fluids  it  500*  aM  700®F.  as  opposed  to  obtaining 
extrapolated  ^ues  frea  deteminations  at  lower  tesperatures. 

This  caphasis  is  dictated  prlcarily  on  the  basis  of  the 
ex^oratoiy  sltidies  conducted  in  the  teeperature  r^ge  of  400*  to 
750*P.  Kith  various  fluid  and  lubricant  coaponents  over  the  past 
two  years.  For  exasple,  studies  at  347®FI  have,  shown  as  high  as 
a 20  fold  increase  in  the  oxidation  stable  life  of  a diester>base 
fluid  over  a conventional  nineral  oil  fluid.  Tests  at  500 *F.  with 
the  sane  fluids  indicate  that  the  difference  in  oxidation  stability 
is'  less  than  two  fold.  Sisilarly>  It  has  been  found  that  materials 
showing  the;sbest  oxidation  stability  at  high  teeperatures  do.  not 
necessarily  show  the  best  thensal  stability. 

On  the  basis  of 'these  ^prelisunary  data>  it  appears  that  a 
detailed  evaluation  cf~  several  classes  of  fluids  and  lubricants  rdiowing 
sose  proaise  at  high  tesperatures  cay  be  profitable.  These  materials 
will  be  ccepletely  evaluated  to  detemine  by  >hat  margin  the  fluids 
pass  or  fail  the  desired  requirements.  These  data  may  be  of  use  in 
the  companion  development  of  bi^  temperature  hydraulic  ^stem  cco- 
pemests. 


A number  of  c<oplete  fluid  compositions  as  wpU  as  several 
classes  of  base  stock  components  have  been  chosen  for  this  study. 

These  fluids  are  listed  below: 

1.  Silicone  (cethylphenyl  silicone  and  a special  General 
Slwtric  silicone  with  improved  lubricity) 

2.  Silicate  fluids  (HLO  6200  freo  Cronite  Chemical  Co. 
and  O.S.  45  from  Monsanto  Chemical  Co. 

3.  Silicone-diester  fluid  Sl>>17  developed  by  the  H.A.C.A. 

4.  Diesters  (di-2-cthyll«3yl  sebacate) 

5-  Pentaerythritol  esters  (Hercoflex  600  from  Hercules 
Powder  Co.) 

6.  Hiiwral  Oils  (well  refined  naphthenic  neutral  fractions 
of  lew  pour  point) 

7.  Synthetic  hydrocarbons  (Polybutenes  free  Standard  Oil 
Co.  of  Indiana) 

8.  Folyglycol  ethers  (Ucons  frem  Carbide  and  Carbon  Chemical 

Compa.'y- 

9.  Arochlor  1248  (chlorinated  biphenyl) 

10.  Tricresyl  phosphate. 
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These  materials  will  be  evaluated  for  high  tcoperature  behavior 
(500*  to  TOO*?.).  *1110  properties  of  these  cwapositions  have  been  fairly 

well  defined  at  lower  teaperatin^s.  It  should  be  emphasized  that  the  low 
temperature  properties  have  been  relaxed  for  these  high  temperature  ap|li> 
cations.  That  is,  0®  to  30®F.  arc  the  lower  tenperature  lixaits  considered 
instead  of  -65®  to  -40®F.  In  a±:itlcn,  the  elevated  tesperatiire  tends  to 
eliminate  from  cor.5ideration  rubber  and  certain  active  metals  as  materials 
of  censtruoHon.  Thus,  materials  eliminated  from  consideration  as  hydrau* 
lie  fluids  for  reas<»is  of  low  temperature  fltildity,  metal  corrosion, 
rubber  etc.  will  be  reconsidered  in  these  high  tes^seratxure 

evaluations. 

B.  HIGH  TcMPSHATtJRS  VlSCOSlTf  HSAStaaOWT.  The  actual  vis- 
cosity of  fluids  at  500®  tc  TOO®?,  is  important  for  mechanical  design 
considerations.  For  example,  the  volumetric  efficiency  of  pmaps, 
hydraulic  pistons,  and  slide  valves,  system  leakage,  ar4d  the  hydro- 
dynamic component  of  lubricity  are  properties  that  are  directly  related 
to  tlte  actual  viscosity  at  elevated  temperatures.  Viscosities  have, 
therefore,  been  detexmined  at  approximately  500®  and  700®?.  for  some  of 
the  fluids  discussed  previously.  A constant  temperature  vapor  bath  has 
been  constructed  for  deteraining  viscosities  experimentally  at  tespera- 
tures  in  tee-range  of  300*  to  TOO®?. 

The  construction  details  of  this  constant  temperature  bath 
are  sham  on  Figure  1.  The  constant  temperature  bath  comprises  a 
1000  ml.  Erlezcseyer  fla^  fitted  with  a cork  to  support  a conventional 
modified  Ostwald  viscemeter.  A constat  boiling  liquid  is  placed  in 
the  flask  and  the  vapors  constantly  bathe  the  viscemeter.  The  cork 
is  also  fitted  with  an  air  condenser  to  return  the  condensed  vapor  to 
the  flask,  and  a thermocouple  to  measure  the  vapor  teaperature  in  close 
proximity  to  the  viscometer.  The  heat  source  for  the  Srlecmtyer  flask 
cesprises  a shallcw  molten  metal  bath  partially  filled  with  Cerrobase 
alloy  (257*F«  melting  point).  The  bath  is  heated  a 750  watt  heater 
clasped  directly  onto  the  bottom  of  the  molten  metal  bath.  Current 
to  the  heater  is  controlled  raniially  through  a Variac.  The  entire 
molten  metal  bath  and  Brlemeyer  flask  are  insulated  with  2 inches 
of  asbestos  sheet.  The  actual  tes^orature  of  the  vapor  bath  is  con- 
trolled by  the  boiling  point  of  ^e  liquid  used.  The  two  materials 
tised  to  obtain. approximately  500®  and  TOO®?,  are  biphenyl  (490®P.  b.p.) 
and  meta  tercphenyl  (707*?-  b.p.). 

As  indicated,  the  bath  is  designed  to  accoesodate  one  vis- 
cometer. (^ration  of  the  *iscometer  is  no  core  difficult  at  500*  and 
700®?.  than  in  a constant  ter^erature  bath  at  100®?.  Hany  of  the  fluids 
evaluated  show  viscosity  variation  with  time  at  these  elevated  tempera- 
tures. Tnese  variations  are  due  to  the  ^her^al  instability  of  the  fluid 
and  not  to  any  inherent  tes^rature  control  problems  in  operating  the 
bath. 


Viscosity  detezminations  on  various  high  te^erature  fluids 
are  shown  on  Table  1.  These  data  shew  that  most  of  the  500®?.  and 
essentially  all  of  the  700®?.  viscosity  values  fall  b^ow  the  value 
predicted  by  extrapolating  lower  temperature  viscosity  values  with 
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the  conventional  ASIM  viscosity-te!:^ratu2*e  ch*.  . * In  addition,  about 
half  of  the  caterials  evaluated  at  500*F.  and  essentially  all  those 
evaluated  at  700*F.  show  greater  than  one  per  cent  viscosity  change 

standing  in  the  viscosity  bath  for  30  aintites  at  the  test  teepera- 
ture.  This  prrblea  of  viscosity  change  is  due  to  thezisal  deterioration 
of  the  fluid,  or  to  volatility  losses  of  ssall  quantities  of  light  ends. 
'ih<»re  are  no  indications  of  csanipulative  difficulties  with  the  constant 
teaporature  vapor  bath. 

The  extrapolated  values  for  viscosities  were  detei'^slned  fraa 
^ol/les  Tz*  Detenaination  of  A.S.T.M.  Slope  and  Prediction  cf  Viscosities" 
by  L.  Sl'!  of  the  litiandard  Oil  Bevelopcent'  Cc.  ihis  laboraroiy  has 
also  extended  the  standard  A.S.T.H.  viscosity*>tenperature  chart  to 
include  tes^ratures  up  to  700*F.  and  viscosity  values  do>s3  to  0.4  cent!* 
stokes.  The  e^q^erifiental  curves  for  several  of  the  fluids  are  illu- 
strated on  Figures  2 and  3 freo  the  dara  given  on  Table  1.  Ihe  lower 
experiaental  viscosity  than  the  predicted  viscosity  effective^  increases 
the.  ASIH  slope  for  the  fluid.  This  effect  is  illustrated  in  the  follow^ 
ing  tabulation. 


ASTM  Slope  for  the  Interval 

(100*- 

(100»- 

{100»- 

Test  Fltiid 

ao*F.) 

490‘F.) 

707*F.) 

Kethylphenyl  Silicone  (PHL  3358) 

0.346 

0.388 

0.44S 

^cial  Silicone  G.E.  (P2L  31i75) 

0.315 

0.344 

0.373 

Itt-a-Ethrlhe:grl  Sefcacate 

0.702 

0.745 

• 

Hercoflex  600  (oentaerythritol  ester) 

0.717 

0.775 

0.857 

Kttsble  Pale  D (nlneral  oil.  Coastal  type) 

C.815 

0.815 

0.848 

The  oaterial  giving  the  least  deviation  froa  the  predicted  vis- 
cosity at  700*F.  is  the  aineral  oil.  Ine  ASIH  viscosity-tezq^erature 
relationship  used  in  Figures  2 and  3 was  derived  esperically  using  vis- 
cosity data  frcQ  aineral  oils.  Curves  1 and  2 on  Figures  2 and  3 are 
straight  lines  connecting  the  viscosity  liaits  at  the  low  and  hi^ 
t€fdperatures  set  as  a desirable  target  for  the  700*F.  hydraulic  fluid. 
Of  the  fluids  evaluated,  only  the  silicones  scet  these  viscosity  values. 
The  other  caterials  studied  would  require  a V.l.  ir^rover  to  aeet  these 
propexties.  Thus  far,  V.X«  ieprovers  of  adequate  thexaal  stability  and 
solubility  have  z»t  been  found.  A discussion  of  the  thexaal  stability  of 
V.l.  ieprovers  will  be  given  at  a later  point  in  this  section. 

As  indicated  pre\^usly,  very  few  of  the  caterials  tested  at 
707*F-  give  constant  viscosity  values.  The  general  trend  in  viscosity 
values  with  tice  at  707*F.  is  a decrease,  several  exceptions  were  noted 
however..  Hercoflcx  600  shows  a sli^t  increase  in  707®F.  viscosity  with 
tics  in  the  viscosity  bath.  This  saae  trend  is  evident  In  the  600*P. 
thexsal  stability  test.  Ihis  is  attributed  to  the  nat...e  of  the  themal 
decceposition  products.  Kusble  Pale  D cineral  oil  also  shows  an  increase 
in  viscosity  with  increasing  tice  in  the  viscosity  bath.  This  viscosity 
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OAcrease  is-attributcd  to  a volatility  loss  of  tbe  li^t  end&  during  the 
test.  Tnere  Kas  evidence  of  evaporation  and  incipient  boiling  during 
this'707*?«  evaluation.  In  a se^ed  ^tea,  naphthenic  sineral  oils  of 
this  type  sfoV  an  overall  viscosity  deci«a^  vdth  tics  due  to  thercal 
cracldng  or  decoaposition  of  3 siall  quantity  of  the  oil. 

C.  TK5RKAL  STABIUTT.  It'has-.been  i^cated  that  high 
temperature  ny<^ulie  systeias  ••dll  be  sc^ed  or  ^cssar^^-a^ts.  , 

In  any  eveni,’  e:^gen  and.  air  can  be  exclud^’ or '.severely  l^Ved. 
pidccy_  pri:.r.;y  c^haals'^-  therefore,  cn  t3:eRC2l  stabpity  a^.cnly* 
seci^axy-i^ipiirtanop  on  oxidation  stability^  Her^bfejx, 
fluids  iiavc.bjen  designed  on'the  basis  of.  f He  access  to  the'at^sphere 
throu^'^a  veat  or  breather  systea.  In  these  previous  develppsents^ 
vbich^we^e  «lso  designed  for  use  at  lower  teoperatures^^  priory  ttj^sis 
vas  placcd-onvbxidation  stability,  this  change  in  the  primaiy  stebility. 
requirement  froa  oxidation  to  tbersal  also  changes.,  tH  relative  positions* 
of  the  various  classes  of..ccEpounds.  For  exaople^.nincral  oils>.v1i^h' 
show  sems^ai  less  oxida^on  stability  diester.  Xluids,.  si^v 

superior- therakl  stability. 

Two  types  of  thexcal  staMlity  tests'haye  been  conduct^.  Che 
type  of -test  has  tee:  .conducted  in  ah  all  glass  ^rstca  vliile  ttfe  se^nd 
type -has  been  conducted  in  a stainless  steel  pressuHrcyl^deH*  TheH- 
tests  have  been  ilescribcd'  previously  report  CT.5.8-Scp^.  Brief^> 
the  tests  in  the  glass  tube  apparatus  are  carrted-bqt  uader'a\nitrbgen 
atz»sphere  and  tbe-tube  is-i  sealed  by  a U-ti^'e  Hnt^idni^  a^rbc^ately 
three  s:ill^teH  of  the  teat -fluid,  liiis  liquid/se^^^^ows  tto' 
pasHge  of  gas  out  or  air  in  with  -pressure  ch^ages  gr^€er  ihan.appipxi- 
Mtely  0.25  p.s.i.  Tests  conducted  at  500*F.  aw  of  20  b..ur5;d^tiocj 
those  conduct€d..at  600*F.  aiid  above  ere  of  .6  hours  duration.  Tbev^liK 
less  steel  pressure  cylinder  is. a co^lsteiy  closed,  ^stea* and <a^ 
volatile  products  formed  are  in -the  cylinder.  Tests  :ccb^cted 

in  the  pressure  cylinder  are  for  six  bdurs  at  600?  to  7C0*F- 

1.  Thenaal  Siabilitv  of  HrdrauHc  Fluid' Coapositions.  A 
nuaber  of  the  cccpositicns  diseased  previously  as  high  temperature 
hydraulic  fluids  have  been  eval^ted  in  these'thereal  stability  tests. 

The  results  of  these  tests  arc  solarized  on  Table.' 4.  Tnezcal-  stability 
testing  is  continuing  and  this  sussary  table  will- be  expanded  in  sub- 
sequent reports.  IheH  data  allow,  a diwct  -coap^isoa  of  the  tbenaal 
stability  prbperties'of  the  variow''c^iws  of  products  considered  for 
high  ttoperature  Hydraulic  fluids.  S^.  of  the  drta  are  for  finished 
coopositions  while  otHrs-are  for  base  ste^s. 

Tberaal  stability,  in  general,  can;Ht  be  ^i&nc'ea.by.  addi- 
tives. A deerHse  in  thcroal  stability  c^x  res^t  fioa  the  fo:;mulatlon 
of  ccoplete  or  finished  fluids.  For  example,  the  use  of  txlcresyl  phos- 
phate and  alkyl  acid  phesphites  in  esters  say  result'  in  decrcaHd  thex'- 
nal  stability.  This  effect  will  be  discussed  later  in  this  report. 

The  thexsal  stability  data,  in  general,  indicate  that  it  is 
desirable  to  design  a pressure  relief  ^stea  and  a safe  sethod  of 
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discharging  volatile  inflazzaable  caterial  frca  the  hydraiilic  systca  during 
all  stages  of  operation  for  all  high  teaperatxire  hydraulic  systeas.  This 
Vfould  apply  to  a 550*F.  ^stea  as  well  as  a 700*?.  ^yscca.  It  can  be  seen 
frca  the  data  on  Table  4 that  all  of  the  naterials  tested  foin  volatile 
decosposit j on  products  at  700*F.  under  an  inert  atoosphere.  These  vola- 
tile products  are,  in  general,  organic  fragaents  of  the  original  ziolecule. 

As  ctialler  organic  fragaents,  they  quite  probably  represent  a higher  degree 
of  inTlaraabllity  than  does  the  parent  coapound.  It  is  b^J.eved,  there:? 
fore,  ♦hat  500®  and  70Q*F.  hydraulic  ^stecs  w.11  have  to  designed  on  the 
ba**!?  o:'  a grec-wer  inflasoMlity  hazard  than  is  indioHed  by  the  inflasa- 
bility  vrop-srtles  of  an  unused  or  "fresh"  high  tes^erature  hydraulic  fluid 
foxaulation.  i 

It  is  apparent  frca  the  data  on  Tables  2,  3>  4 end  5 that  none  ; 

of  the  fluid  fon\ilations  are  free  froa  scoe  thenaal  deterioration  at  [ 

700*F.  and  few,  if  any,  are  entirely  thercally  stable  at  550*F.  Thus, 
it  would  appear  that  the  relative  rates  and  products  of  themal  deteriora- 
tion will  play  an  ieportant  role  in  the  selection  of  the  cost  satisfactory 
high  teaperature  hydraulic  fluids. 

Tests  conducted  in  the  pressure  iqrlinder  in  the  presence  of 
stainless  steel  and  previous  500*F.  thexcal  stability  tests  in  glass  \ 

equipsent  containing  copper,  steel,  silver,  cagnesim,  and  altzainra  j 

ii^cate  that,  at  least  for  certain  fluids,  there  cay  be  an  increase  I 

in  severity  of  the  test  when  cetals  are  present.  The  increase  in 
test  severity  in  the  presence  of  cetals  appears  to  be  core  noticeable  \ 

in  the  case  of  esters  than  for  soae  of  the  other  types  stxKiied.  Studies 
of  thenaal  stability  at  tezpcratui«,s  above  500*?.  with  cetal  cataSysts  j 

will  be  continued  to  detenaine  the  sagnitude  of  the  cetal- catalyst  , 

effect,  iJata  froa  the  pressure  cylinder  indicate  core  severe  viscosity  . 

changes,  in  general,  than  the  data  froa  the  glass  equipcest.  In  addi- 
tion to  the  presence  of  cetal  surfaces  in  the  pressure  blinder  test,  , 

the  volatile  products  are  kept  in  the  systea  resulting  in  core  severe 
viscosity  changes.  | 

Aroclor  1248  shows  the  best  thercal  stability  properties  of 
the  various  caterials  tested  thus  far.  Aroclor  1243  is  a chlorinated 
biphenyl  tddeh  exhibits  good  non-inf lacoabillty  properties.  This 
catvrial  appears  to  be  thenaally  stable  at  700*  and  750*F.  as  shown 
on  Table  2, 

Kethylphenyl  silicones  (Dow  Coming  701  and  510  types),  sili- 
cones prepared  by  General  SIcctric  with  ieproved  lubricity  properties, 
and  naphthenic  sincral  oils  (Hectons  45  and  55  and  Ssstic  45)  show 
reasonably  good  thercal  stability  at  700*F.  On  the  basis  of  themal 
stability  alone,  and  a 10  hour  fluid  life  at  the  700*P.  teeperature, 
the  silicones,  cineral  oils,  and  Aroclor  1248  shown  on  Table  4 have 
sufficient  stability  to  warrant  fbrther  investigation.  These  fluids 
have  all  been  investigated  at  700*F-  in  the  pressure  cylinder  and 
glass  apparatus. 
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Hercoflex  600  (a  pentaerythritol  ester)  shows  the  best  stability 
of  the  organic  esters  ev;^uated.  In  the  glass  equipaent^  stability 
looks  prooising  in  the  650*  to  TOO®?-  range.  Pressure  rise  in  the  pres- 
sure cylinder  is  c^te  rapid  at  650®?.,  however.  In  this  pressure  Qrlinder 
test,  the  viscosity  stability  is  good  and  volatility  loss  is  low.  Further 
studies  with  ihc  Hercoflex  600  are  planned  in  order  to  evaluate  the 
asoUi;t  of  starting  caterial  involved  in  the  thenial  deccspcsition  to  foxa 
gaseoiu*  products  at  700®P.  The  Uieraal  stability  propeHiies  of  Hercoflex 
600  are  rery  good  in  both  tests  at  600*P. 

?tudie"  srxwn  on  Table  4 indicate  that  the  raaainder  of  the 
sateria:.s  -ested  show  reasonable  tnezml  stability  in  the  550*  to  600*P. 
range.  Tnese  caterials  include  dl-2-ethylhe^l  sebacate,  tricre^l  phos- 
^late,  Ucor.  Lubricant  LB>170X  (a  polyglycol  ether).  O.S.  45  (a  silicate 
fomulation),  HLO  3200  (a  silicate  fonaulation),  Indopol  (a  low  colecular 
weight  polj'butene),  and  SD-17  fonstilaticn  (a  silicone^-i-ethylhe:^! 
sebacate  blend).  The  two  silicate  fluids,  O.S.  45  andMLO  8200,  are 
ccmercial  fluids  prepared  by  Konsanto  Chosdcal  Co.  and  Oronite  Chemical 
Co.,  respectively.  Tests  with  t^ical  silicate  ester  base  stocks  indicate 
that  scae  of  the  changes  noted  on  thsn&al  stability  xsay  be  due  to  the 
polymer  or  other  additives  in  ths  fcisulation. 

Data  for  tetra  (C^-Cg)  silicate  (di-2-ethy21»3yl  di-2-ethyl- 
butyl  silicate)  and  tetra-2-et^lhexyl  silicate  are  shown  on  Table  5. 

These  data  indicate  scmodiat  better  thensal  stability  in  terns  of 
viscosity  change  than  the  O.S.  45  end  HLO  8200  fomulations.  The 
stability  of  di-2-etnylhe37l  sebacate  dictates  the  tbcn^al  deteriora- 
tion of  the  Sllicoac-di-2-sthylhe:qrl  sebacate  blend  (SD-17). 

Polybutene  (Indopol  1/-50)  represents  a ^nthetlc  hydrocarbon' 
in  the  fona  of  a poljcetized  olefin.  AdditiCiial  poiybutene  fractions 
are  shown  on  Table  5*  Polybutene  IP>0742  is  a tydrogen&ted  sample  of 
Pelybutene  LF-0741.  All  of  these  polybutenes  have  about  tte  same 
thexmal  stability  properties,  i^^dro^nation  does  not  significantly 
alter  ths  theicai  stability.  Depolyaerization  of  these  polymers  becoaes 
ai^reciable  in  the  600*  to  650*F.  te^erature  range.  Additional 
^nthetic  tipdrocarbons  will  be  evaluated  since  materials  of  the  poly- 
bxttene  type  appear  to  be  somewhat  cleaner  in  oxidation  tests  than 
naphthenic  mineral  oil  fractions. 

Thenaal  stability  tests  in  the  pressure  blinder  have  been 
ccx^ctea  with  scae  typical  balogenated  non-inflasaable  fluid  constitu- 
ents. Those  data  are  shown  on  Table  2. 

Alkazene  42  and  Arodor  12A3  are  constituents  of  the  ethyl- 
dibromobenzene-base  hydraulic  fluid  (PSL  3209)  devdoped  to  meet  Spec. 
HIL>?-7100.  Alkazene  42  is  ethyldibroaobeuzene;  Arodor  12^  is  a 
chlorinated  biphenyl;  and  Fluordi^  FS  is  a polymer  of  tidfluoroaono> 
chloroethylene.  -The  pressure  cylinder  test  was  chosen  for  these  thezmal 
stability  studies  primarily  as  a means  of  cenfining  the  thermal  decca- 
position  products. 
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rriSJMAZ.  STABILITY  OF  K0N-INFLAHJIABL5  LUSaCAJJTS 


Tests  Conducted  in  Pressure  Cylinder  of  46  lal.  Capacity  Usin£  a 
20  si.  Charge  of  Test  ^uid 


Test  I'luid 

Test 

Teap., 

•F. 

Test 

Tine, 

Srs. 

Pressure  After 
Test,  p.s.i. 
at  at 

Test  Room 

Temo.  Tcmn. 

Meut.  No. 
■*'ncre3^e 

% Change 
in  Cs. 
Vise,  at 
KO*F. 

Alkasere  42 

500 

6 

29 

0 

0.0 

+2 

Alkazene  42 

600 

4 

250 

45 

6.1 

♦29 

Fluorolube-FS 

500 

6 

33 

0 

-0.5 

— 

Fluorolube-FS 

600 

6 

100 

6 

1.0 

-10 

Pluorolube-FS 

650 

4-3/6 

270 

3 

2.6 

-49 

Aroclor  1243 

600 

6 

27 

0 

0.0 

0 

Arodor  1243 

650 

6 

35 

0 

0.0 

-1 

Aroclor  1248 

700 

6 

40 

0 

0.0 

*3 

Arodor  1243 

750 

6 

60 

4 

0.3 

♦12 

The  AUcazene  42  shows  reasonably  good  themal  stability  at 
500*?.  but  decoaposes  fairly  rapidly  at  600*F.  Fluorolube-?S  exhibits  a 
thcxsal  stability  of  the  saae  order  of  sagnitudc  as  the  Alkazene  42. 

That  i$)  Fluorolube  begins  to  show  a high  rate  of  tbercal  decomposition 
at  about  6C0^F.  It  shoxild  be  espnasized  that  Fluorolube^FS  is  a pexhalo* 
CQcpound.  Vexy  good  thermal  stability  properties  are  noxsally  attributed 
to  pcihalo-coopounds.  The  Arodor  1243  vhich  has  been  discussed  pro- 
viously  does  give  very  good  thexsal  stability  properties  even  at  750*F. 

It  should  be  noted  that  Arodor  1243  is  r^t  a perhalo-ccopound  but  does 
contain  carbon^  hydrogen  and  ^ilorine  in  each  Dolecule. 

These  theiaal  stability  data  indicate  that  scce  of  the  non> 
inflssable  hydraulic  fluid  cooponents  exhibit  a threshold  of  thercal 
decGspositicn  of  the  same  order  of  oagnitude  as  the  other  SF&thetic 
flxiids  evaluated  in  this  series  of  tests. 

2.  Thernal  Stability  of  Polvseric  V.I.  Inorovers.  The  con- 
ventional Spec.  MIL-0-5606  and  MIL-Ir^387  fluids  achieve  their 

excellent  viscosity-temperature  draracteristics  by  the  use  of  viscous 
polyscils  th^lce'.ers.  Aciyloid  has  been  used  in  these  two  ^ecification 
fluids.  Aciyloid  is  a polyaerI«ed  ester  of  methaciyiio  acid.  PoTybuten? 
is  another  conventional  polymeric  a<iiitivs  used  in  hydraulic  fluid  and 
lubricant  applications  ^ere  the  base  stock  is  a hydrocarbon. 

These  two  polymeric  ac^tives  have  been  evaluated  for  use  in 
high  temperature  hydraulic  fluids,  Tlie  results  of  the  stitdies  with 
Aciyloids  have  previously  been  discussed  in  yearly  report  PHL  5.d-Sepp3. 
Thexmal  stability  tests  with  Polybtder^thidcened  mineral  oils  are  shown 
on  Table  3- 
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The  thezsal  stability  tests  with  Polybiitene-thickened  nineral 
oil  at  500**  and  6C0*F.  indicate  a thex&al  stability  superior  co  that  of 
the  Acryloid^thickened  nineral  oil  or  ester  fltd.ds.  The  PoSybutene- 
thickened  oil  shows  very  little  viscosity  change  due  to  thexnal  effects 
at  500*F.  At  600*F.,  a large  viscosity  decrease  is  noted  for  Poiybutene 
Dlends  without  indication  of  appreciable  deccaposition^  i.e,,  the  only 
c'nange  noted  is  viscosity  decrease.  The  viscosity  decrease  noted  with 
Polybmene-thickened  nineral  oils  at  600*F.  is  of  the  sane  order  of  nagnl~ 
tude  as  *.he  viscosity  change  noted  with  Aciyloid  at  500*F.  The  Acryloid- 
thi^Vened  nlends  begin  lo  show  signs  nf  cnenical  deccapositicn  of  the 
ester  liia.a^e  of  tVo  ioryleid  at  600*P-  Chenical  decenpositien  of  the 
Polybutene  thickener  begins  at  650*?.  and  becccaes  a serious  pronlea  at 
700*F. 


Table  3 

THEESUL  STABILITI  CP  PODTBUTa&HlHEaAL  OIL 
AT  HIGH  TSiPSUTLEES 


Tests  Conducted  in  Glass  Test  Tubes  Under  a Nitrogen  Atnos^ere. 
Test  Tice  is  6 Hours.  Fluid  Charge  « 25  Gas. 


Test  Fluid 

Test 

Tesp., 

•?.  , 

Vise. 

Due  to 
Poiybutene 

% Change 
in  Vise, 
at  ICO*?. 

liquid 
loss, 
Vlt.?  ' 

Kent. 

No. 

Increase 

23  Wt.SK  Poiybutene  B-12 
in  Keeton  55 

600 

99 

-65 

0 

0.0 

20  Wt.$  Poiybutene  B-12 
in  Keeton  55 

650 

99 

-98 

3 

0.0 

5 Wt-56  Poiybutene  B-12 
in  Keeton  45 

7C0 

50 

-85 

5 

0.0 

Poiybutene  B-12 

700 

100 

- 

90 

0.7 

It  can  be  noted  .ron  the  data  that  90  per  cent  of  the  Polybutene 
polyser  deccoposes  to  a volatile  gas  after  6 hours  at  700*F.  The  decon* 
position  product  iinder  these  coriditions  appears  to  be  the  isobutylene  fron 
which  the  Polybut^,c  was  prepared.  These  data  indicate  that  Polybutene 
offers  about  100*F.  advantage  over  Aciyloid  thickener  in  loth  the  point 
of  thcmal  viscosity  loss  and  actual  chemical  deccnpcsltion. 


Poiybutene  is  not  as  versatile  a polyner  as  Aciyloid  in 
several  reacts.  The  solubility  of  Poiybutene  in  esters,  for  exasple, 
is  very  lisited.  The  ir^rovesent  of  viscosity-temperature  properties 
of  a given  base  stock  for  a given  degree  of  thickening  is  better  for 
the  Acryloid  polyaer.  Solubility  in  dibasic  acid  esters  is  also  a 
problem  with  high  viscosity  silicone  polycers.  Thus,  a thickener  ar.d 
V.l.  improver  for  use  with  hydraulic  fluids  at  550*  and  700*F.  is  still 
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Polyesters  have  been  ^3sed  as  thickeners  for  hydraulic  flxdds 
and  lubricants.  A series  of  Para&lex  polyesters  (Paraplex  AP-52,  G-25, 
and  G>25'HV)  have  been  evaluated  previously  ^ this  Laboratoty.  xhe 
higher  nolecular  wei(^t  naterial  <»aparsd  favorably  «ith  Aexyloid  KF-2y 
in  teras  of  blending  efficiency  (i.e.,  V.l.  ispc'oveaent  for  a given 
degree  of  thickening)  and  viscosity-shear  properties.  This  series  of 
polyesters  contained  soce  ester  lirkages  of  a secondary  alcohol  and, 
therefore,  >rere  less  LhemaHy  stable  than  the  staple  dibasic  asid  esters 
of  the  di*2-ethylhe3yl  sebacate  type. 

Hie  'Jata  for  Paraplex  AP-52  sbovn  or.  Table  5 5j2iicatcs  a vis- 
cosity loss  and  a rupture  of  the  ester  lirkage  in  a 500*F.  thermal 
stability  test.  An  e:q>erisental  polyester  containing  all  ester  linkages 
of  pzinazy  alcohols  has  been  prepared  by  the  Roha  and  Haas  Co.  This 
polyester  (AC  3335)  has  been  evaluated  in  the  thezral  stability  test  at 
500*  and  6<X)*F.  as  shovci  on  Table  5.  At  500*?.,  the  polyester -shovs  good 
stability  and  at  600*F.  the  incipient  themal  breakdown  of  the  ester 
linkage  is  of  the  sai^  order  of  cagnitude  as  for  di-2-ethylhe3yl  sebacate 
under  the  sane  test  conditions.  Thus,  the  AC  3385  type  polyester  appears 
to  have  adequate  theraal  and  viscosity  stability  fer  a 500*  to  550*F. 
hydraulic  fluid.  Polyesters  of  this  type  will  be  evaluated  core 
exter.sively  as  larger  saaples  bec<^  available. 


I [1  A viscous  resin  fraction  extracted  frcQ  Penti^lvazda  crude  oil 

I JJ  has  also  been  considered  as  a thickener  for  high  tenperature  hydraulic 

I flxdds.  Prelisinary  tests  indicate  that  these  resins  show  good  viscosity 

I ri  stability  in  500*F.  thenaal  stability  tests.  Theztasl  stability  tests  with 

t M these  resins  will  be  conducted  at  higher  tes>>eratures. 


0 


3.  Effect  of  Phosphorusj-^ntaining  Lubricity  Additives  on 
Thenaal  Stability.  The  effect  of  tricre^l  phosphate  and  various  alkyl 
acid  phosphites  on  the  theraal  stability  of  dibasic  acid  esters  is  shown 
on  Tables  77  and  78  and  is  discussed  in  scae  detail  in  the  section  on 
Jet  engine  lubricants.  Since  sooe  hydraulic  fluid  formulations  do 
contain  tricresyl  phosphate,  it  should  be  noted  here  that  tricresyl 
phosphate  doc  i have  a sail  adverse  effect  on  the  the»al  stability 
of  dibasic  acid  esters  at  500*F. 

D,  QXIDATKM  AHD  C05?OSIO>I  CHARACTSaiSTlCS.  It  has  been 
indicated  that  cxldatlcn  in  high  teeperature  hydraulic  ^stess  will  be 
li&ited  by  using  closed  units.  Thus,  for  hydraulic  system  api^icatiorxs, 
relatively  snail  quantities  of  oxygen  would  be  in  contact  with  the  fluid 
at  the  elevated  ope  ating  temperatures.  These  saall  quantities  of  oxygen 
)R>uld,  however,  be  in  contact  with  the  fluid  at  the  elevate  tes^rature 
for  sufficient  tise  to  cause  essentially  complete  ^ygen  assisilaticm 
with  many  of  the  proposed  fluid  types.  Due  to  the  closed  system  and 
^evated  temperature,  the  effect  of  oxidation  should  be  considered  in  a 
different  manner  from  previous  lover  tesperature  hydraulic  fluid  and 
lubricant  studies. 


' h 

I *- 


For  teaperatiire  ranges  up  to  about  400*F.,  coddatlcn  stability 
of  a fluid  is  generally  measured  as  the  length  of  an  induction  period 
during  which  the  fluid  absorbs  little  or  no  oxygen,  and  e:diibits 


HADC  T?.  55-30  Pt  3 


-15- 


ill 


P 

ll 

0 

0 

0 

n 

n 

0 

0 


- I 5 


- -ai 

1 

1 

I 


essentially  no  change  in  physical  properties.  The  length  of  the  stable 
life,  or  induction  period,  is  influenced  prinarily  by  additives  (oxida- 
tion inhibitors)  in  this  teaperature  region. 

At  tenperatures  ox  500*F.  and  above,  this  characteristic 
induction  period  no  longer  exists  or  is  extremely  short  lived.  These 
data  have  been  eaphasised  in  the  previous  yearly  reports  KIL  5.4-Sep52 
and  niL  5*^Sep33.  The  preseitce  of  oxidation  Inhibitors  at  500*F.  and 
above  F.ay,  bovever,  slow  down  the  rate  of  co^gen  assimilation.  It  should 
be  espt^sised  that  in  a sealed  system  at  elevated  temperatures  the  pnmaxy 
consideration  is  not  neccssazily  the  induction  period  or  the  rate  of 
oxicrclon,  bub  ir  many  cases  it  may  be  the  amount  of  the  property  change 
rt:s0.t.rig  fren  = ^^ven  amount  of  oxygen  assimilatea.  In  a sealed  ^stem 
this  amount  of  oxygen  should  be  small. 

1.  Oxidation  and  Corrosion  Characteristics  of  High  Teanerature 
Hydraulic  Fluids.  To  simulate  oxidation  at  elevated  tei^ratures  and 
limited  oxygen,  a 24-hour  test  at  500*P.  at  a low  rate  of  air  circulation 
(0.6  liters  per  hour)  has  been  used.  On  the  basis  of  a five  gallon 
capacity  hydxaullc  system,  this  24  hour  test  introduces  the  equivalent  of 
approxii&ately  90  cubic  feet  of  air  under  standard  conditions  of  tes^era- 
ture  and  pressure  (32*F.  and  7^0  ca.  Hg  pressure) . 

The  results  of  these  low  air.  rate  oxidation  tests  at  500'*F.  for 
the  hi^  temperature  hydraulic  fluid  fonulations  and  base  stocks  are 
shown  on  Table  6.  These  data  indicate  that  the  amount  of  available 
oxygen  assimilated  at  pOO*P.  varied  from  approximately  2 to  60  per  cent. 
This  value  can  be  converted  to  the  et^valent  voluo^  of  air  used  in  a 
5 gallon  hydraulic  fluid  syst^  by  simfly  taking  the  indicated  percent 
cf  90  cubic  feet  ^diich  is  equivalent  to  the  total  amount  of  air  passed 
through  the  sample. 

These  data  indicate  that  Aroclor  1248  uses  essentially  no 
osygen.  The  methylphenyl  silicones  absorb  considerably  less  oxy^ 
than  do  the  mineral  oils,  esters,  and  silicates.  The  silicates,  mineral 
oils,  esters,  trlcresyl  phosphate,  and  polyglycol  ethers  absorb  frcis 
about  20  to  40  per  cent  of  the  wVailable  coQrgen  in  this  te?t.  The 
high  absorption  values  for  Indopol  Polytutene  polyiaer  L-50  and  the 
Necton  45  ^re  believed  to  be  attributed  to  oxidation  in  the  vapor  section 
of  the  tube  due  to  the  relatively  high  volatility  of  these  products. 

This  phenomenon  has  been  noted  consistently  with  hi^  volatility  hydro- 
carbon materials. 

The  viscosity  stability  of  all  of  the  test  flxiids  apx>ears  to 
be  adequate,  h'eutralization  niscber  changes  vary  according  to  chemical 
coe^sition.  There  is  no  correlation  betw^n  neutralization  number 
Increase  and  metal  cerrosion.  The  Aroclor  1248  shows  seme  cc;^r  corro- 
sion. Tendencies  toward  copper  corrosion  have  been  noted  for  all  of 
the  oxidation  tests  at  347*F<  and  above  for  Aroclor  1248  without  the 
\3S6  of  basic  inhibitors.  Tricre^l  pbo^hate  shows  moderate  copper 
corrosion  but  excessive  steel  corrosicn  under  these  mild  o^ddation 
conditions.  Di-2>ethylhejyl  sehacate  shows  borderline  copper  corrosion. 
The  two  silicate  fonaulations  show  evidence  of  steel  corrosion.  The 
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corrosion  value  for  O.S.  A5  is  hi^er  than  that  for  MLO  3200.  None  of 
the  corrosion  values  could  be  considered  serious  in  vicv  of  the  10  hour 
life  indicated  for  these  high  tej^rature  hydraulic  fluids. 

Dirtiness  is  generally  a critical  problea  in  high  temperature 
^stsffis.  Tne  only  fluids  evaluated  that  show  no  evidence  of  sludge  and/or 
dirtiness  are  the  two  nethylpheiyl  silicones  and  Aroclor  22U6,  The  SD^l? 
oilic;.ne-diester  c«spositlon  shows  a large  sludge  value  considering  the 
test  severity.  It  is  interesting  to  note  that  the  sludge  formed  by  the 
S!V17  ^evd  is  23  times  that  fomed  by  the  ester  component^  which  shows 
the  poorer  oxidatSwr.  stability  of  the  two  ccoponents  that  aj.'e  |c*esent 
in  SD>17 . This  same  c^enccenon  has  previou^y  been  reported  ty  this 
Laboratory  in  FEL  5.3~Sep53  for  other  similar  silicone-diester  trends. 
Tricre^l  pLosf^te  also  shows  a fairly  large  value  of  sludge  formation 
coupled  with  a high  viscosity  increase. 

Dirtiness  in  the  ester»  silicate^  polyglycol  ether  (Ueon)» 
synthetic  hydrocarbon,  and  mineral  oil  is  all  of  approximately  the  same 
order  of  magnitude.  A trace  is  the  desigxmtioh  given  to  dirtiness  values 
up  .to  C.05  weight  per  cent.  Above  this  value  the  dirtiness  is  eaqpressed 
numerically  to  the  nearest  0.1  wei^t  per  cent.  Sqperience  with  Spec. 
HlLr-Ii-7303  jet  engine  oil  indicates  that  dirtiness  of  this  order  of 
magnitude  may  cause  some  problems  with  reject  to  filter  plugging  and 
deposits.  It  may  be  desirable,  therefore,  to  evaluate  filter  perosity, 
and  the  behavior  of  close  tolerance  moving  parts  under  realistic  condi- 
tions in  the  early  development  stages  of  high  teiq)erature  hydraulic 
system  cosponents. 

Gbddation  tests  with  reLatlyely  alow  rates  of  air  circulatioD 
are  continuing  wivh  fluids  represezxtative  of  various  chemical  classes. 

More  specific  evaluations  have  been  conducted  with  esters  typical' of 
exurent  Spec.  KIL-Ir>6387  and  KlL-Ir'73Q8  quality  materials.  These  evalu- 
ations ha/e  been  directed,  toward  the  effect  of  orfdatica  and  lubricity 
additives  on  oxidation  and  corrosion  stability. 

2,  PhenothiasiTie  Pirtiress.  Fhenothiazine  is  being  used 
wlddy  as  an  oxidation  inhibitor  for  synthetic  ty^raulic  fluids  and 
lubricants  of  the  ester  type.  Fhenothiazine,  has  been  found...to  be 
effective  in  extending  the  induction  period  of  esters  substantially 
in  the  tenqjerature  range  up  to  350*  and  400*F.  At  500*F.  the  pheno- 
thiazlne  is  effective  in  esters  only  to  reduce  the  rate  of  oxidation. 
Fhenothiazine  and  other  aolTie  inhibitors  have  been  found  to  cause 
darkening  of  the  fluid  and  trace  dirtiness  in  ester  fluids  within  the 
stable  life  of  the  fluid.  This  proU.ea  will  be  discussed  in  more 
detail  under  the  high  temperature  jet  ex^gine  oil  development  stxidies. 

Some  of  the  data  are  suasarized  here  to  illustrate  the  manner  in  which 
additives  may  be  undesirable  in  high  to^rarure  hydraulic  fluids 
for  sealed  ^sterns. 

Data  are  tabulated  on  Table  7 to  show  the  effect  of  increasing 
phenothiazine  uirtlness  as  a function  of  pheaothlazine  concentration  in 
d 3U7~P^  coddaticn  ar^  corrosion  test.  All  of  the  test  fluids  were  oxi- 
dized to  a point  slightly  beyond  the  induction  period.  None  of  the 
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inhibited  bi^ds  vere  carried  as  far  beyond  the  stable  life  as  the  20 
hour  test  vdth  uninhibited  ester. 
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These  data  indic-'te  increasing  ^udge  fonaation  vdth  increasir.g 
phenothiasine  concentration.  These  data  indicate  that  for  a lizalted 
amount  of  oxidation  vdiich  cdght  be  anticipated  by  a sealed^  or  partially 
sealed  system,  the  probability  of  dirtiness  or  sludge  forsaticn  uould 
increase  directly  vdth  increasing  phenothiazine  oxidation  inhibitor. 

Table  7 

??F£CT  OF  PHSIOTHIAZIIG  CONCEKTllATIGi  ON  OXIDATION  AND  COEROSION 

pR^.'piaTiES  0?  Di-a-ErrimsxYi.  ssbacats  /.t  3;k7''F. 

Test  Procedures  and  Techniques  in  Accordance  With  Spec.  MIL-L-6387. 

Test  Teaperature  * 3W  — 3*F*5  Test  TijriC  as  Indicated;  Air  Bate  * 10—1 
Liters  Per  Hour;  Test  Fluid  » 100  ml.;  Test  Conducted  vdth  a 1 Inch 
Square  each  of  Steel,  Cadmivaa-Plated  Steel,  .Aluminum,  Copper  and 
Ha^^tZQ. 


Test  Fluid  Di-2-Stfwihtsxyl  ^bacate  (PEL  3371) 


Phenothiazine  Concentration,  Wt.jS 
Test  Time,  Hours 

Hone 

20 

0.1 

25 

0.25 

63 

0.5 

159 

1.0 

194 

2.0 

424 

Approx.  Stable  Life,.  Hours 

- 

21 

46 

152 

180 

424 

% Change  in  Cs.  Vise.  at-130*F. 

♦30 

♦7 

♦24 

+15 

+12 

^7 

Heut.  Ko.  Increase, 

«g.  KOH/Gs.  nvdd 

10.6 

•3.8 

15.3 

12.2 

32.4 

3.8 

Wt.$  Oil  Insolubles  * 

Hone 

Trace 

0.2 

0.4 

2.1 

1.5 

More  severe  oxidation  .tescs  Here  conducted  at  5C0*F.  to  st\idy 
further  the  effect  of  phenothiazine  concentration  on  dirtiness  in  dir2> 
ethylhe^yl  sebacate.  These  data  are  ^vm  on  Table  8.  It  can  be  seen 
that  the  effect  of  the  phenothiazine  is  to  reduce  the  rate  of  oi^gen 
assimilctlon  under  a given  set  of  test  conditions.  The  tests  in  this 
case  were  continued  to  about  the  same  degree  of  .severity  on  the  basis 
of  037gen  assimilated.  These  coiulitions  are  somewhat  more  severe  than 
would  be  anticipated  in  a sealed  faydra\dic  ^stem.  Under  these  test 
conditions,  there  is  a strong  trend  toward  more  dirtiness  with  the 
presence  of,  or  increase  in  coiKentretion  of.  phenothiazine. 
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T^re  8 

TffiS  EFfSCT  OF  PliaJOTHIAZlNS  CCNCSSJUUTIO}!  CJ  CaHTATiaJ  JLVD  COSEOSIOH 
C^JIACISRJSTICS'OF  DI-a-STHOHSXn.  SSBACATS  AT  W*F. 

Test  Procedures  and  Techniques  in  Accordance  with  Spec.  MIL-L-^3^. 

Test  Conditions  Include:  Test  Teaperatta*e  • 500  *,  5*F»;  Air  Bate  ■ 5 ± 
0*5  Liters  car  Hour;  Test  TSao  ••  30  i^urs;  Test  Flxdd  Charged  ■ 

JOO  al.;  Catalyst  A 1 Inch  Square  of  each  Hetal  Jnaicated. 


Test  Fluid 

Pherotfcia'/.ine  Oinecr-ration.  Vt,% 

Iii-2-sthyiheayl  Sei 
HcneCl)  0.^ 

^cate  1 

1.0 

>HL'33^. 

2.C. 

Kt.g  Vola'.ilo  ?rodu«s 

7 

'9 

7 

1 

Kols  0^/A26  (has.  Fluid 

1.3 

1.3 

1,2 

-ZiC 

% Change  in-Cs*  Vise,  at  130*F. 

+39, 

♦116 

+56 

+52 

Heut.  No.  Increase,.  Mg»  kCH/Cb.  Fluid 

19.? 

16.7 

i3.2 

7.5 

>a.?  Oil  Insolubles 

0.1 

0.8 

10.9 

10.8 

Kt.  loss  (Kg./Sq,  Cq.) 

Copper 

0.02> 

0.07 

♦0.17 

♦0.18 

steel 

♦0.62 

♦0.23 

0.05 

♦0.05 

Aluninisa 

0.00 

0.00 

0.00 

0.00 

These  data  indicate  that  trace  dirtiness  of  the  type  now  noted 
with  the  use  of  Spec.  HII/-L-7808  in  the  region  of  200*  to  350*F.  aay  be 
escoTK^red  with  relatively  saall  quantities  of  oxygen  at  500*?*  due  to 
the  presence  of  phonothiasine*  Per  use  in  sealed  '^steas^  a snOl  con- 
Gyration  of  a hindered  phenol  t^^  inhibitor  to  protect  the  Lydraxilic 
fluid  In  shelf  life  storage  but  widch  gives  essentiaUy  no  apparent  hi^ 
t^si^rature  orldation  protection,  xsay  be  sore  desirable  for  esters  than 
phehothiasi^  or  other  aaine  type  izddbitors. 


3.  Sffect  of  Tricresrl  Phosc^te  on  Hid>  Tecoerature  Hvdraul5.c 
Fluid  Dirtiness.  Trlcresyl  phosphate  is  a coaaonly  used  lubricity  additive 
in  hydraulic  fluids  and  Jet  engine  lubricants.  Tho  advantages  of  tri- 
cre^l  pho^bate  in  esters  as  a lubricity  aid  at  500*F.  in  the  Vickers 
vane  type  power  steering  p\np  are  deaonstrated  in  this  report.  The 
effect  of  tricre^l  phosi^tc,  as  \k2X  as  various  alkyl  acid  ,liosphates 
and  pfaosjdiites.  on  the  oxidation  stability  of  esters  at  500*F.  has  boen 
detetsixied.  This  study  will  be  discussed  in  soeo  detail  in  the  section 
on  Jet  engixw  oils,  the  effect  of  trlcresyl  phosphate  on  chenothiazinc- 
inhibited  di-2-cthyihe'^'i  sebacate  in  500‘*F.  oxidaticn  te^ts  is  senarized 
on  Table  9« 
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E?FSCT  0?  TRlCRESTa.  PHOSPHATE  Ci!  OXlDATIiH  «0  C03E0&IC»i  AT  5CX)*F. 

Test  Conditions:  Test  Tine  • 20  Hrs«;  Air  Aate  ■ 5 i 0.5  l./hr.j  Test  _ 
Fluid  Charged  « 100  nl.;  Catalyst  « a 1 Inch  Squax^  of  ^ch  Hetal. 
Test  Fluid  * 0.5  Kt.^  Phenothiazine  in  13i»2-Ethi^lhe:^l  Sebacate. 


xncrcsj^  .MwSp4Mkww,  mw.^ 

- 

4 

x.tr 

5.0 

2 Vise.  Change  at  a30*F. 

•;i>l  Insol,  Hraoved 

*Uh 

♦37 

-.118 

Isopentane  Insol.  Sesoved 

*4 

♦12 

+79 

Keut.  No.  Increase,  Mg.  Fltdd 

15.3 

1A.2 

15.2 

ltt.2  Oil  Insolubles 

0.1 

2.2 

3.6 

Catalyst  Loss  (Mg./Sq.  Cm.) 

Copper 

0.08 

0.36 

0.05 

Steel 

0.00 

0.06 

♦0.07 

Alusin«cs 

0.00 

0.33 

♦0.04 

These  data  show  that  ux^er  oxidation  coxxditions  tho  tricre:^! 
phos^te  contxlbutes  substantially  to  fluid  dirtiness  at  500*?.  This 
dirtiness  effect  in  347*F.  oxidation  and  corrosion  tests  has  cot  been 
clearly  deaonstrated.  At  500*?.>  boweTer>  tricre^l  phosj^te  produces 
crasidcrably  isorc  insolubles  than  phenothiasine. 

The  undesirable  effects  of  these  additives  deaonstrated  by 
Tables  7^  8 and  9 show  that,  at  50O*F.,  it  is  not  a simple  problem  to 
obtain  from  additives  a sizeable  safety  factor  in  lubricity  and  oxidation 
without  Jeopardizing  certain  other  fluid  p«^rties.  These  data  point 
up  the  desirability  of  knowing  the  oinicia  requirements  of  the  service 
application  at  high  temperatures  order  to  develop  the  best  overall 
fluids 


A.  Slide  Valve  Sludging  Tests.  The  >iVi^t->Air  Develofment 
Center,  Katerials  Laboratoxy,  rexpxested  this  Laboratory  to  study  the 
effect  of  oil  oxidation  on  the  operation  of  close  clearance  slide 
valves  In  hydraulic  systems.  It  was  indicated  that  hydraulic  slide 
valves  are  made  to  close  tolerances  and  are  located,  in  seme  cases, 
in  the  hot  ^rtlon  of  the  hydraulic  systs.  In  cany  cases,  the  slide 
valve  must  move  freely  after  I'esaining  in  one  position  for  extended 
periods  in  the  presence  of  the  hydraulic  fluid  at  elevated  tecj>eratures. 
Thtis,  the  ^de  valve  appears  to  be  one  of  the  core  critical  areas  for 
sludge  or  lacquer  foxsation  to  cause  malfunctioning  of  the  hydraulic 
^stea.  The  average  clearance  between  the  piston  lands  and  the  cylinder 
barrel  is  of  the  order  of  0.0001  to  0.0002  inch  c the  radius. 

Two  ec^plcte  slide  valves  were  obtained  free  Korth  American 
Aviation,  Inc.  through  the  Vzight  Air  Development  C^ter.  This  . 
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Laboratory  does  not  have  adequate  control  equipment  for  operatixig  the 
slide  valves  as  a poi  tion  of  a hydraulic  ^stea  Eock-up.  In  addition^ 
operating  teaperatures  a&ove  those  of  conventionr'  hydraulic  systems 
'were  desired  for  this  laboratory  investigation.  Operation  of  the  slide 
valve  at  high  te:q>srat'jrcs  kss  simulated  by  removing  the  barrel  and  piston 
assembly  from  the  housing  and  itsersing  this  asse^ly  in  a bath  of  hydraulic 
fluid  e:q>osed  to  accelerated  oxidation  conditions.  Ihe  piston-barrel 
assemldy^  vas  moisxted  in  such  a manner  that  the  piston  could  be  moved  back 
aM  fonh  in  the  barrel  during  the  oxidation  test  with  a balance  arrange- 
isent  for  ibe  quantitative  measurement  of  the  force  necessaxy  to  effect 
piston  5K:*'<msnt. 

ibe  construction  details  of  the  constant  temperature  bath^  the 
slide  valve  bolder^  and  the  piston  yoke  axid  balance  arrangement  ax^  given 
in  report  PHL  5*d-Sep53.  Ihe  apparatus  is  designed  to  operate  over  a 
temperature  range  of  100*  to  600*F.  The  unit  can  be  used  for  tbennal 
stability  tests  as  veil  as  oxidation  and  corrosion  tests.  The  air  for 
oxidation,  and  the  inert  atioospbere  (nitrogen)  for  thexmal  stability, 
can  be  introduced  under  the  surface  of  the  test  fluid  or  passed  throt^ 
the  free  space  above  the  test  fluid.  Probloas  encountered  in  moving  the 
piston  vlth  a siall  unbalanced  force  are  discussed  in  report  PBL  5«^Sep53* 
With  proper  aligxsent  and  adjustment,  an  unbalanced  force  of  3 to  10  grams 
is  sufficient  to  move  the  piston  in  either  directicn  with  a typical  isrused 
hydraulic  fluid. 


The  tests  vere  conducted  at  the  indlcatod  ttmpcratures  xising  a 
fluid  charge  of  500  ml.  This  quantity  of  fluid  was  sufficient  to  izsexrse 
totally  the  slide  valve  assembly  in  the  fluid.  A total  air  rate  of  Z> 
liters  per  hour  'was  izztroduced  at  the  rate  of  10  liters  iiour  through 
each  of  two  steel  inlet  tubes  located  about  midway  between  the  end  of  the 
bath  and  the  end  of  the  slide  valve.  The  location  of  the  air  inlet  tubes 
is  indicated  in  Figure  7 of  report  PRL  5.6-Sep53.  The  inlet  tubes  were 
tended  to  within  one-quarter  of  an  inch  of  the  bottos  of  the  tost  fluid 
reservoir.  In  this  manner,  the  fluid  receives  adequate  stiirlng  froA  the 
air  stream.  A value  of  20  liters  per  hcio*  total  air  has  been  chosen  tc 
match  the  severity  of  the  slide  valve  oxidation  test  with  that  cf  the  more 
conventional  Spec.  HIlr>lr-7^d  t^?®  oxidation  test  conventionally  used  by 
this  laboratory  for  oxidation  and  corrosion  tests  at  3W''  to  500*F. 

Thenaal  stability  tests  were  conducted  ly  sweeping  nitrogen 
over  the  top  of  the  fluid  and  by  bubbling  nitrogen  into  the  fluid  in  the 
same  manner  described  above  for  air.  Bubbling  the  nitrogen  through  the 
liquid  does  not  appear  to  be  an  ade^ate  test  orocedure  for  thexmal 
stability.  In  seme  cases  wnere  nitrogen  was  bubbled  through  the  fl'uid, 
there  vere  signs  of  significant  oxUation  of  the  fluid.  A test  illxistrat- 
ing  this  phenomenon  is  included  on  Table  10.  The  method  of  passing 
nitrogen  over  the  surface  of  the  fluid  is  preferred  for  thezmal  stability 
tests.  Between  tests,  the  slide  valve  vas  cleaned  b7  heatir^  and  brushing 
th«  coated  parts  of  the  slide  valve  in  a solvent  consisting  of  a 50-50 
mixture  by  volime  of  benzene  and  pyridine.  This  solvent  vas  fairly 
effective  in  removing  the  sludge  and  lacquer-like  coatings  fresa  the 
barrel  and  piston  assembly.  It  ^uld  be  emphasized,  however,  that  the 
coatings  vere  not  cccpletely  i*e90ved  in  aiy  of  tests,  although  in 
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cost  cases,  the  coatings  were  effectively  resoved  fros  the  piston  lands 
and  cylinder  barrel  where  clearance  is  critical. 

Two  general  patterns  ha\'e  been  followed  in  the  slide  valve 
esiercise  during  testing.  In  one  case^  the  ^ide  valve  was  irsasured  every 
hour  for  the  force  necessaiy  to  produce  notion  in  the  piston,  while  in 
the  second  type  test,  the  piston  was  allowed  to  reaain  staticnaxy  for 
e^s^tially  the  entire  test  and  exercising  was  attempted  only  at  the  end 
of  the  test  period.  ' ' ^ 

The  data  taken  froa  the  various  slide  valve  tests  are  shown  on 
Tabl ' 0 and  4-  ‘Ac  data  on  Table  10  illustrate  bolh  tiie  cil 

oxidatxon  behavior  and  the  sUde  valve  exercise  characteristics.  In 
this  series  of  tests,  a value  of  over  500  grass  required  to  resove  the 
piston  is  consideied  as  failure  or  unsatlsfactoxy  behavior.  The  noxcal 
value  fer  coving  the  piston  with  a fxre^  ester^base  oil  is  10  to  20  grans. 
Thus,  it  can  be  seen  that  a 50  fold  friction  increase  is  considered  the 
criterion  of  failure. 

The  propexties  cf  viscosity  and  neutralization  nuzber  change  and 
sludge  forsation  are  indicative  of  cxidative  deterioration.  Probably  the 
cost  ieportant  of  these  property  changes  to  the  operation  cf  a slide  valve 
is  the  sludge  foxcation.  The  netal  test-  bath  does  not  lend  itself  to 
quantitative  cleaning  for  sludge  laeasurcccent.  Therefore,  the  oeasuresect 
of  isopentane  insolubles  has  been  used  to  ^ve  a relative  value  for  oxida- 
tive deterioration.  It  can  be  seen  by  cos^aring  the  oil  insoluble  sludge 
with  the  Isopentane  insoluble  satexlal  in  500*?.  oxidation  tests  for  di-2- 
ethylhexyl  sebacate,  as  given  in  report  5.d-Sep53,  that  the  isopentane 
insolubles  greatly  exceed  the  oil  insolubles  at  low  values  for  sludge. 
Isopentane  ixisolubles  Bight  be  called  potential  sludge,  in  this  case.  The 
isopentane  values  are  lisres,  therefore,  at,  an  approxiisate  indication  cf 
sludge  fomation. 

The  tests  on  Table  10  are  listed  in  chronological  order.  This 
is  an  iaportant  point  for  discussing  the  results.  The  arnular  clearance 
of  the  new  slide  valve  assembly  was  of  the  order  of  0.0001  to  0.0002  inch 
on  the  radius.  At  the  ezid  of  test  12,  with  the  sase  ^de  valve,  the 
clearance  was  of  the  order  cf  0.0010.  It  can  also  be  noted  in  the  sequence 
of  tests  that  10  azui  11  are  sore  severe  than  tests  3 and  4 using  the  ^e 
test  flxxids  buc  tests  3 and  4 failed  where  tests  10  and  11  did  not.  The 
piston  cylinder  wall  disensionc  were  not  ceasured  after  each  individual 
test.  On  the  basis  of  weight  loss  of  the  piston  and  cylinder  barrel  and 
visual  observation,  it  is  estisated  that  data  for  tests  ) through  12 
appear  to  be  nuch  better  than  predicted  frea  the  previous  tests.  As  a 
further  check,  a test  with  the  ^lenothia^ine  inhibited  di-2-ethylli^l 
sebacate  has  been  conducted  with  a second  slide  valve  piston  and  barrel 
assesbiy.  The  initial  clearance  for  the  piston  and  barrel  asseably  is 
0.0001  to  0.0002  inch  on  a radius.  *^6  data  for  test  13  ^ow  the  failure 
anticipated  fres  tests  3 and  4.  Thus,  the  conclusions  Bust  be  drawn 
carefully  froa  these  data  to  allow  for  the  change  in  clearance  during 
the  tests. 
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, Tests  1 and  2 are  designed  to  siculato  the  severity  of  Spec. 

KIL-L-7808  oxidation  and  corrosion  tests.  The  values  of  the  oxidised 
oil  indicate  tbe  sa=e  severity  as  the  Spec.  HIL-L-7S08  oxidation  and 
corrosion  test.  The  pistcn  in  test  1 was  exercised  hourly  cospared 
with  exercising  only  at  the  beginning  and  '^nd  of  test  2.  Both  tests  show 
little  or  no  increase  in  the  esount  of  force  necessary  to  cove  the  piston 
during  the  course  of  the  test.  The  piston  and  barrel  show  scae  evidence 
^ of  staining  but  no  evidence  of  sludging  and  lacquering  during  the  test. 

Tests  3 and  4 are  5G0*F.  oxidation  and  corrosion  tests  designed 
in  sevei‘L/  to  3iaul;‘te  the  Spec.  KIL-L-78C3  type  test  at  using 

5 liteK.  o~  ai.-  per  ! •‘ur,  i.e.,  the  tests  described  in  Tables  2o  through 

33  of  report  FfiL  Tests  3 and  4 caused  a rapid  increase  in 

friction  and  in  the  force  j^acessazy  to  operate  the  piston  in  10  to  15 
hours  of  test  tise.  The  force  necessary  to  operate  the  piston  as  a 
function  of  tioe  is  shown  on  Figure  4-  The  piston  could  be  moved  with 
difficzilty  at  the  termination  of  the  5tO*F.  test.  On  to  room 

teo^rature,  the  piston  was  stuck  and  had  lo  be  driven  frea  the  bcrrel. 

was  also  noted  that  ths  deposits  frtia  these  tests  were  in 
the  form  of  a lacquer  on  ths  metal  parts.  This  lacquer  could  be  chipped 
off  with  a fingernail.  The  tmublesose  build-up  of  deposits  appeared  to 
i be  in  the  exposed  portion  of  the  piston  barrel.  There  was  r^t  lauch  evl» 

■ dence  of  lacquering  in  the  close  clearance  portions  between  the  pistcn 

lands  and  the  cylinder  barrel.  Following  test  4>  a method  was  devised 
for  removing  ths  piston  frosa  the  cylinder  barrel  rdiila  hot  to  prevent 
the  sticking  encountered  on  cooling.  This  was  done  ty  chairging  the 
method  of  clanpii^  the  cylinder  barr^  to  the  bottcc  of  the  bath. 

Tests  5 and  6 are  500*F«  thermal  stability  tests  with  pheno- 
tbiasine-inhibit^  di-2-ethyifae^l  sebacate.  Test  5 was  ccnducted  by 
bubbling  nitrogen  at  a total  rate  of  10  liters  per  hour  (5  liters  per 
hour  fzxmi  each  tube}  through  the  fluid.  This  resisted  in  fluid  property 
changes  indicative  of  oxidation  rather  than  thermal  stability.  The  air- 
fluid  contact  at  the  fluid  surface  was  not  effectively  excluded  py  the 
test  in  which  the  nitrogen  is  bubUed  throu^  the  fluid.  The  lyvel  of 
final  neutralization  nmaber  ar.d  slud^  formation  are  indicative  of  oxi> 
dative  deterioration. 

Test  6 was  conducted  with  a nitrogen  rate  of  20  liters  per 
hour  passing  over  the  surface  of  the  li^^d.  Ths  fluid  properties 
from  test  6 are  of  the  ssae  order  of  magnitude  as  those  ejected  frem  a 
sii^le  thermal  stability  test  conducted  in  a sealed  glass  tube  under 
-similar  conditions  of  te:^erat;s:e  and  time.  It  has  besn  noted  in  tes.s 
of  the  type  where  the  gas  is  passed  over  the  surface  of  the  liquid  razber 
than  bubbled  through  it  that  there  say  be  a te^>erature  gradient  of  10* 
to  20*F.  between  the  bottca  of  the  flxrid  and  the  surface. 

There  is  a considerable  increase  in  friction  noted  in  the  slide 
yalve  assembly  in  test  5 where  oxidative  deterioration  is  indicated.  There 
is  no  evidence  of  increased  friction  in  the  slide  valve  assembly  for  test 

6 which  appears  to  oe  a purely  thermal  stability  tost. 
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Test  7 '*ias  coxid^cted  as  a rough  check  on  the  results  from  test 
5.  In  this  testj  5 liters  of  atr  were  passed  over  the  sxirfacc  of  the  test 
fluid.  There  is  evidence  of  considerable  oil  oxidation  in  this  tcst^ 
indicating  x.hat  it  is  nut  itecessary  to  bubble  the  air  directly  into  the 
oil  to  obtain  oxidation.  This  test  is  obviously  less  severe  in  terns  of 
oxidative  deterioration  than  the  tests  in  vhich  larger  volu=©s  of  air  are 
b\:6bled  directly  into  t'c^e  oil.  Test  7 does  cause  the  fozmtion  of  the  sane 
kVpe  of  hard  lacquer-like  coating  on  the  netal  parts  and  does  result  in  a 
high  increase  in  friction  in  the  slide  valve. 


Test  d is  an  oxidation  test  conducted  at  400*?.  to  detexmn?  the 
effect  of  tcjipsr<i&ure  on  sludge  character  and  slid^  val^e  friction.  Ihe 
400*?.  test  produced  sludge  without  auch  evidence  of  the  hard  lacquer  for- 
aatlcn  noted  on  the  aetal  parts  in  the  500*P.  test.  There  was  no  indica- 
tion of  increased  slide  valve  friction  in  this  400*F.  test. 

It  should  be  noted  froa  the  data  on  Table  10  that  each  additional 
test  requires  core  severe  conditions  to  cause  failure  of  the  slide  valve. 
This  fact  should  be  taken  into  consideration  in  the  discussiun  of  tests  $ 
through  12,  particularly.  The  gradual  change  in  slide  valve  failure  with 
sludge  formation  is  attributed  to  the  gradual  increasing  clearance  in  the 
slide  valve  piston  barrel  asser^ly  brought  about  by  fluid  corrosion  as 
noted  on  Table  10  and  by  cechanical  erosion  in  the  cleaning  process  of 
the  lacquered  parts.  The  400*P.  test  produced  a large  quantity  of  soft 
sludge  but  little  evidence  of  hard  lacquer-like  deposits  on  the  eetal. 

This  is  believed  to  be  si^JLf leant. 

Tests  9,  10,  11  and  12  have  been  conducted  at  500*F.  with  a 
complete  ester-base  foraulation  (?BL  31^1) , a well  refined  nai^henic 
alnerai  oil  fraction,  and  phenotuiazlne-ixUdbited  di-2-ctlylhc3qrl  scbacate. 
These  tests  were  continued  to  a point  of  vejy  severe  oxidation  and  slixlge 
foTsation.  In  all  of  these  tests,  an  objectionable  type  of  lacquer-like 
coating  was  observed  on  the  slide  valve  surfaces  These  tests,  in  general, 
did  not  show  the  expected  friction  increase.  This  is  b^eved  to  be  due 
to  the  increased  clearance  of  the  piston  in  the  lylir^ep-barrel.  As  a 
check  cn  the  importance  of  bearing  clearance,  test  13  has  been  conducted 
with  phenothiazine»inhibited  di-2-ethy2he:qfl  sebacate  at  5CX>*P.  using  a 
new  ^de  valve  assesbly  of  0.0001  to  0.0002  inch  clearance.  Failure 
in  this  test  was  siailar  zo  the  type  of  failures  noted  with  tests  3 3nd  U» 

Ifo  appreciable  change  in  slide  valve  fxlction  has  been  noted  with 
pbenothlasine-inhibited  di-2-ettQrll^:^l  sebacate  within  the  stable  life 
of  the  fluid  in  a r>pec.  Kli/>L-7dOS  oxidation  and  corrosion  test.  Belatively 
severe  oxidation  of  the  ester  at  causes  a large  increase  in  slide 

valve  friction.  The  friction  increase  is  attributed  to  the  formation  of 
a hard  lacquer-like  deposit.  Friction  increase  in  the  slide  valve  appears 
to  be  a strong  function  of  piston-blinder  barrel  (dearance.  An  Increase 
in  annular  clearance  fxoa  0.0002  to  0.001  ind)  zaay  nean  the  difference 
betw*een  friction  increase  and  nc  change  in  friction  under  the  sase  500*F. 
oxidation  and  corrosion  condit^ns.  Severe  oddaticn  of  the  ester  at 
400*F.  does  not  result  in  increased  slide  valve  friction  probably  because 
of  the  lad<  of  lacquer  forsation  on  the  slide  valve  surfaces. 
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Studies  vath  sineral  oil  and  PRL  3l6l  ester-base  lubricants 
xere  carried  out  after  the  annular  clearance  of  the  slide  valve  was 
increased  by  wear.  Thus,  a critical  evaluation  could  not  be  Bade.  It 
is  evident,  however,  that  under  SOO**?,  oxidation  conditions,  the  isineral 
oil  and  FBI  3161  do  not  appear  to  be  oxich  worse  than  the  ester  in  the 
fotsation  of  a bard  lacquer  type  coating* 

It  sboiild  be  esphaslsed  that  these  tests  were  conducted  in  a 
static  fluid  bath.  That  is,  there  was  no  flow  through  the  slide  valvv. 

-h«.se  static  conditions,  there  is  no  indication  that  the  trace 
dircine&s  noted  Spec.  KIl-L-7808  fluids  and  soBetiaes  attributed  to 
phenothia'dne  is  causing  increased  friction.  Under  flow  conditions  tr^ce 
dirtir.ecs  could  be  core  tToublesoce  since  the  saall  piston-barrel  wall 
clearance  ^uld  be  e^qpected  to  act  as  a filter  to  remove  solids  frcQ  ecy 
leakage  tlu^ugh  the  annular  clearance. 

He  further  work  is  conteaplated  on  the  slide  valve  piston  and 
barrel  assesbly  uziLess  requested  by  the  Air  Force.  It  would  appear  that 
a new  piston  and  barrel  would  to  reqiuired  for  each  test,  at  least  in  the 
case  where  the  test  shows  a large  friction  Increase  or  Betel  coating*  A 
test  of  this  type  Bight  be  developed  around  a Bosch  diesel  fuel  injection 
p\ap  piston  and  barrel  assesbly*  ^ese  asseahlies  would  lend  theaselves 
to  the  sase  type  balance  apparatus  .used  for  the  ^ide  valve . It  is 
ixtdicated  that  the  Bosch  piston  and  barrel  assesbly  are  oanufactured  to 
a select  fit  of  O.OOOOi^  inch  tolerance.  This  fit  is  better  than  the  0.0001 
inch  value  noted  for  the  slide  valves. 

5*  Interrelation  of  CcgpeivBeTylllua  Alloy  and  CBdLdation  and 
Corrosion  Deterioration.  The  Katerlals  laboratory  of  the  Wright  Air 
Bevelopaent  Center  has  requested  that  this  laboratory  investigate  the 
effect  of  copper-beiyllim  alloy  on  the  oxidation  stability  of  hydraulic 
flxiids  and  lubricants  as  well  as  the  corrosive  effect  of  the  fluids  on 
one  allvj.  The  Materials  Laboratoiy  has  furnished  this  Laboratozy  with 
fifty,  cae-by-one  inch  test  specicens  of  coK>er-beryllim)  alloy.  It 
has  been  indicated  that  copper-bazylliw  is  one  of  the  cetals  of  cen- 
struction  of  high  teoperatiire  l^raulic  ^rstess.  It  is  the  purpose  of 
this  preliainazy  study  to  coapare  ccpper^berylliua  with  pure  copper. 

The  corxosioa  of  copper-beiylliua  alloy  in  the  Spec.  KIL-L-6387 
oxidation  and  corrosion  test  is  shown  on  Table  12.  Corrosion  values  for 
various  ether  oetals  cf  construction  are  also  shown  for  ccoparison.  These 
data  indicate  that  there  is  no  significant  corrosion  of  the  copper-bezylliun 
alloy  under  these  test  conditions.  It  ^ould  be  noted  that  copper  also 
shows  no  sign5.f leant  corrosion  in  this  vest* 

The  effect  of  copper-berylliua  on  the  stable  life  of  di-2-etbyl- 
hcxyl  sebacate  at  3W*F*  has  been  deteiaincd.  Test  fluids  contain  0.1  or 
0.5  weight  per  cent  phenothiazine  as  the  anti-coddant.  The  test  fluids 
have  been  subjected  to  a stable  life  test  at  3t7*F*  That  is,  the  test  is 
continued  until  fluid-  samples  indicate  a rapid  increase  in  neutralization 
nunber  with  test  time.  Stable  ]^fe  values  obtained,  along  with  siailar 
values  for  steel  and  alvoino,  are  shown  in  Table  II  and  Figure  5- 
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KrrSCT  C?  COPPSa-ESKfLUlM  (M  1KB  STAHLS  UFE 
OF  DI-2-SlHmEXn.  SSBACAIS 


Catalyst  Ketal 

Approx. 
0.1  Kt.Jg 
Phenothiazine 

Stable  Life,  Hrs. 

0.5  Wt./S 
Phenothiazine 

No  Catalyst 

125 

350 

'k>Dper 

20 

210 

C oppor  -Ber..alivsi 

30 

300 

wteel 

115 

Alttainua 

120 

- 

These  data  indicate  that  copper^beryllitxn  alloy  does  effect  a 
reduction  in  the  stable  life  of  phenothiazine-inhiM.ted  di*2-ethylhexyl 
sebacate.  However,  this  reduction  appears  to  be  soae^diat  less  than  that 
incurred  with  copper  catalyst. 

These  tests  have  been  continued  past  the  stable  life  of  the- 
test  fluid.  That  is,  the  final  neutralization  number  and  the  viscosity 
increase  are  relatively  high,  indicating  oxidative  deterioration  of  the 
test  fluid.  It  is  interesting,  therefore,  to  observe  the  corrosive 
effect  of  the  test  fluids  on  the  catalyst  aetals.  A susi&ary  of  the 
properties  of  the  test  fluids  and  the  catalyst  corrosion  is  shown  in 
Table  13- 

In  these  tests,  the  copper-bexylliua  tends  to  be  coated.  The 
copper  beccces  scscidiat  corroded.  It  sl»uld  be  reaeasbered  that  these 
tests  were  continued  beyond  the  stable  life  of  the  test  fluid. 

Specification  HUj-I/-7®)8  oxidation  and  corrosion  tests  (347®F., 
72  hours)  have  been  carried  out  with  sone  synthetic  gear  lube  type  fluids 
in  the  presence  of  co^er^bexyUixn  catalyst  metal.  A de^ription  of  the 
test  fluids  used  follows: 

(1)  PBL  3207  is  a di-2-cth7lhe:^l  sebacate^pbenothiazine  blend. 

(2)  PRL  3161  is  a Spec.  Jmr-I/*7308  type  synthetic  gear  lube 
containing  tricre^l  phosphate. 

(3)  PRL  3313  is  a cca:ercially  prepared  synthetic  fluid 
containing  tricrc^l  pbo^hatc  and  Orthcleio  162 

(L)  PBL  33I3A  has  the  same  composition  as  PSL  3313  but  was 
prepared  free  stocks  available  at  this  Laboratoiy. 


A susary  of  the  fluid  properties  and  catalyst  conditions 
following  the  test  is  shown  on  Table  14. 
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With  test  fluids  ?Rl  3207  and  PHL  3l6l>  ‘there  is  no  corrosion 
of  any  of  the  catalyst  &etals>  and  copper-beryllis:  appears  to  have  no 
effect  on  the  oxidative  behavior  of  the  test  fluids  under  these  condi- 
tions. 


It  will  be  noted  that,  in  the  case  of  ?RL  3313  and  PRL  33i3X 
tesc  fluids,  the  original  neutralisation  hux^er  is  relatively  bi^h. 

Thesa^  two  samples  had  been  stored  in  sealed  containers  at  rcca  tempera- 
ture for  appro3dsately  18  sionths  prior  to  the  test  showTf.  The  phenoaenon 
nf  nexitralization  nufsber  increase  with  storage  tiae  for  fluids  containing 
acid  phcrp*»tte  typ*'  additives  (Ortholeua  16'*)  has  bern  discussed  in 
nrevicu^  i^spor'vs.  T“;t  fluid  3313A  shows  hign  copper  ccrroslon  b»»t 
no  ^Hpcr^.bexyllitra  corrosion.  Test  fluid  PRL  3313  shows  high  copper- 
bexylllucs  corrosion.  It  should  be  pointed  out  that  this  coisoercial  batch 
of  PBL  3313  has  shown  a tendency  to  corrode  netals  in  previous  tests. 

That  is,  tests  conductoa  with  this  fluid  when  it  was  first  received 
this  Laboratory  showed  copper,  steel,  and  zsagnesiua  corrosion  under  the 
Spec.  H?VI/-7o08  oxidation  and  corrosion  conditions. 

Tests  have  been  conducted  at  500*F.  fer  20  hours  with  di-2- 
ethylhe^l  sebacate  containing  0.5  weight  per  cexrt  phenothiazine  (FBL 
3207).  The  results  of  these  tests  are  shown  on  Table  15*  Their 
relation  to  the  coppeivberylliun  catalyst  are  the  sane  as  those  dis- 
cussed previously  for  test  fluid  PEL  3207' at  3V7*F. 

The  investigation  of  the  effect  of  copper-boryllxw  on 
hydraulic  fluids  and  lubricants  has  been  exten^M  to  O'Aude  i&ineral 
oil  ccoposltions.  The  test  fluid  for  these  studies  is,  a highly’ refined 
naphthenic  aineral  oil  (Vbltesso  36,  PEL  3456)  -Jjavl2g  a viscosity  of 
approxinately  9 centistokes  at  100*P.  The  tests  have  been  conducted 
at  347*F.  for  72  hours.  In  one  series  of  teHs,  a hindered  jdrenol  'type 
of  anti-oxidant  (Parar,ox  UiSi  is  used.  In  the.  yecond  set  of  te^s,  a 
hindered  j^enol  type  of  inhibitor  (Antioxidant-  22X6)  cosMned  with 
dimethyl  add  phosphite  is  used.  The  d this  inhibitor  combina- 

tion on  the  oddation  stability  cf  aineral  oils  is  discussed  in  the  ' _ 
section  of  this  report  concerned  with  ict  iengir.e  lubricants.  A suesazy 
of  the  results  obtained  in  these  nlneral  oil  studies  is  shown  in  Table  l6. 

It  should  be  noted  uhat  the  tesus  with  the  fluid  c(»^.ainlr^ 
only  Paranox  Xlil  as  the  oxidation  Inhibitor  appear  to  have  exceeded  the 
stable  life  of  the  test  fluid.  That  is,  the  dscosity  change  aid  the 
neutralization  niscber  increase  indic3ye  indnient  oxidation.  Only  copper 
shows  ary  appreciable  amount  of  corrosion  in  these  tests.  Ccpper-bexylliiss, 
either  alone  or  in  conjunction  with  the  other  setals  is  not  corroded  under 
these  test  conditions. 

In  the  tests  cor.tainir.g  the  diaet^I  acid  phosphite,  the  test 
fluid  Is  stable  to  oxidative  deterioration  for  the  72  hour  test  period. 

The  coatihg  noted  for  the  catalyst  netaXs  is  typical  for  fluids  contain- 
ing dimethyl  acid. phosphite. 

In  conclusion,  the  data  indicate  that  cbpper-beryll’i>a  alloy 
does  iiave  someleff^t  on  the  oxidation  stability  of  hydraulic  fluids  and 
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Table  12 


EFFSCT  0?  METALS  ON  (NATION  AND  CORROSION  CHARACTERISTICS 
OP  DI-2->SrHmiSXIL  SEBACATS 

Test  Procedures  and  Techniques  in  Accordance  vdth  Spec.  MII/-L-6387 
Test  Conditions  Include:  Test  Teoperature  • 347  i 3*F« ; Test  Tiz:^  ■ 

72  Hours;  Air  Rate  ■ 10  i 1 liters  per  Hour;  Test  Fluid  Charged  « 
100  d1.;  Catalyst  « a 1 Inch  Square  each  of  Metals  Indicated. 

Test  Fluid:  PRL  3207  • Di-2-2thylheayl  Sebacate  ♦ 0.5  Phenothiazine 


Teat  Fbuu 

Liquid  Lossj  Wt.  % 

. 

3 

% Change  in  Viscosity: 

at  130*T. 

*3 

at  0*P. 

-.6 

Neut.  No.  (Hg.  KOH/Sa.  Oil): 

Original 

0.1 

Pln^ 

1.5 

A.S.T.H.  Union  Color: 

Original 

2 

Pinal  ■ 

>C 

Wt«  ^ InsoltR^le  Material 

0.3 

Final  Catalyst  .Condit^n: 
Appearance': 

Copper 

Dull 

Steel 

dju 

Aluainisa 

Dull 

Kagnesiua 

Dun 

Lead'^Indim 

Dull 

Lead 

- 

Copper-Beiylliua 

- 

Vrt'.  Loss  (Hg./Sq.  Ch.): 

Copper 

■*0.02 

Steel 

•*0.03 

Alualnm 

■*0.02 

Magnesiisa 

■lO.Ol 

Lead^'Indius 

■*0.06 

Lead 

CoppeivBerylliiB; 

- 

9.74 


Test  Tifflo,  Hours 


Table  13 


I 


1 li 

I 

. - CCMPABISON  OF  THE  QXinATiai  STABILITT  CF  DI-2-Snr.'IJSaX  SEBACAIE  AT 

■ ; 3W"F.  IH  THE  I2ESEHCE  OF  COFFER  AMD  COPPEH-BSHIIIUM 

Test  rSOCEDIlS  M3  TECHIItiSS  III  tiCOftUXC  KITH  EKC.  HIL-L-S^S?. 

, ;c^'  CCOITIOSS  IKCLltE:  TEST  TEKHatTlIlE  • }<7  * 3‘F.;  TEST  TIKE  AS  IKOICATES;  AIR  RATE  • 10  -f  I 

I LITERS  PER  ROSA;  TEST  FUIS  CRASSER  • ICO  KL.;  CATALYST  - A I IkCH  SOFARE 

■ ' EACH  OP  THE  REIALS  lAOICATER. 


T£S1  ni«i& 

DUE 

^cTNTLhExn.  seo;^;7(  if^u  - - w 

PHEhOTHiAZIKC  CCXC.,  kT.fl 

o.i 

o.i 

0.5 

0.5 

TOTAL  TCST  T|«,  hO<jS3 

27 

a 

287 

380 

kfmt.  STASLt  LIFl,  fOUSS 

20 

50 

214 

310 

TEST  TIME  BETCICO  STAtLC  L 'E,  KOVRS 

7 

u 

75 

70 

^ CKANSE  IN  VISCOSITY 

AT  l3a*F. 

♦12 

♦1? 

410? 

4Si 

AT  o*r. 

■r28 

+« 

♦272 

4222 

KEtlT.  RO.  (RS.  CCR/SH.  OIL): 

0<IISiKAL 

0.1 

O.I 

O.I- 

final 

>6.5 

50.9 

A.S.7.M.  UNION  COL»: 

OftlOlXAL 

2 

2 

fllCAL 

>e 

>6 

>6 

VT.A  OIL  IKSOLOSLC  KATERIAL 

0.1 

HU 

1.9 

l.l. 

fllOL  CATALYST  CCNOITION 

APPEARANCE 

COPPER 

OvLL 

• 

COPROOCO 

COPPEtUBERYLLIIPt 

• 

OOL 

• 

COATED 

ST.  Less  (KS./Sg.  CK.) 

, 

COPPER 

0.12 

• 

0.21 

CCPPCR'URYUlW 

• 

40.02 

• 

40.29 

! 

i 


! 
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SCMS  STlia^  OF  “niS  £??SCT  OF  CCPPSH-SHYLLIUM  GH  OXIDATKXi  AKD 
COHHOSICK  PR(ff2BTIES  OP  VARIOUS  FLUIDS  AT  3WP. 

T£ST  P;^CC8U%  AK9  TCCKX!QUCS  IM  ACCC^AXCC  VlTH  SKC.  KIL-L-6^7. 

TEST  COWITIOStS  tSCUJSE:  TEST  TEKPEWTCSE  '•3<?  ♦ 3*F.;  TEST  TIKE  - 72  HOURS;  AIR  RATE  - ^0  ♦ I 
LITERS  PER  dOljR:  CATAlYST  • A I iKCti  SQUARE  EACR  CF  K7ALS  IHUICA'EO. 
TEST  auiO!  720’  - 0.5  lfr.5l  P^WTSIAUVE  it  DJ^-cTaTfLKXn.  SESACATE. 

FRi.  3I&I  • SPEC.  KIL*L-7SCS  ’Tft  FiniO  ^ICSiTAISiKS  5.0  Vt.^^  TRICRESYL  PXOSPKATE. 

PSl  3313  • COWIERCIALLY  PREPAAEO  SEAR  lUSRICAXT  CCXTAIIiIBS  5.O  VT.^  TRiCRESYL 
PHOSP&ATE  ASQ  0.5  VT.^  MReOLctTI  l62. 

PS*.  33»3*  - CWPCSlTloa  AS  riil.  35i3  S5T  PREPARES  fS'S*.  STK>'S  AYAIlABLE  AT 
TKIS  UeCfATORT. 


fable  15 


THS  Sr?£CT  CF  VARIOUS  H5TALS  OK  Tha  ua0ATI02<  AKD  COBROSK^ 
PEOPFanSS  OF  DI-2-2iHXLKSm  SiSACAlS  AT  500*F. 


TC$7  PfICCrSUFC  AV9  TECt:!l!Q:XS  !£  ACCtftaAXCe  WITH  SPEC.  HiL.L-69S7. 

TEST  C0£;:T|22S  SStt-CXs  TEST  TEMPECATi'%  - 5M  + 5*?-;  TEST  TIKE  - ZC  MSSS;  AIR  RATE  - 
5 ♦ U.5  LITERS  PER  HCSR;  TEST  FLUID  CRARSEO  • ICO  KL.; 

CATALTST  •>  a I IXCS  SSSARE  EACH  CF  TlC  KETALS  lOICATED. 


TEST  PDID 

L5«?  • »;JSR*i5,  6W«-r 

90.5 

1.19310  .359,  V!.t 

*> 

APPROX.  AKCSXT  Oj  Sl?7i.tea« 

APPRSX.  AROUXr  ^ eSEO,  CR..II) 

26.2 

5.8 

XUS  Oj  esco/xu  fuio  (uS  spms] 

i ewte  11  Tiscosiry 

o.eS 

o.Cs 

0.77 

AFTER  REHCVAL  CF  OIL  ISSCLCSLC  KATERIAL'^I 

A'-  \yo*r. 

*U 

*p 

**20 

ultf  HKWii’cf  iscrenAii  icaoju 

♦*« 

♦33 

AT  IjDtf. 

44 

*'5 

♦12 

Ksi.  a.  IK.  isaloi.  OIL): 

CRISISAI 

0.1 

0.1 

0.1 

fixal 

15.4 

7.1 

«.*  OIL  1«S01C2L£ 

0.1 

WSM 

lO.S 

VT.il  ISCTciiTiS  ISdOOLt  UTCBItLl?) 

4.e 

11.8 

FIXAL  CATAITST  COtOITtOX 

APPEARUCC 

COrPER 

DDIL 

• 

• 

STEU 

PULL 

• 

ALWISlst 

SRtSXT 

• 

COPPER>SERni.lQN 

• 

COATED 

UA3 

CORRODED 

VT.  LOSS  {H3./SJ.  CS.) 

copper 

0.10 

-STEEL 

0.07 

• 

.. 

Aldmikum 

0.00 

• 

ccp?£8-a:"^'iw 

49.10 

• 

LEAD 

- 

- 

7-12 

!!;  AKCmtT  CXT6ER  SCPPIIEO  CAICCUTES  A?  fOLLCUS!  AIR  RATE  '(L./iiR.  AT  S.T.P.)  X TIME  (MR.)  Z 
V,  eeXTEXT  (r8A;7lCX)  X l.4>  (GK./L1TER).  iMTit  DF  OXTCES  LCCSSCC  fiaE^SdSO  ST  FSEDlSXT 
SA^ffTIKS  Sf  EXnAaS?  CASES  AJfi  ASALTSIS  FCR  l>». 

(2)  OIL  IKSCLCSLC  KATCRIAL  IS  PCROTEC  8Y  CEKTR|^IX$  OXICIZEO  FLUID  IKIEOIATELy  AFTlS  CCMFiniOX 
CF  TEST.  TS  OIL  IXS0LU3US  APE  KASSO  VITA  A 10«  &3ILIK  rEIRtUUK  kfcPATBA  AX9  DRIED  E£FCi£ 
KIUIB. 

(3]  TRE  I3S7EXTAU  ISSLU&S  RATESliL  1$  REPORTED  AS  T^  S9I  CF  TtC  Cll  IRSOlCSU  KATCftlXL  ASS 
TRE  ISOPEPTAXE  IXSCLCSU  RATISllL.  ISvPERTUE  IXSCIDHE  MTERIAL  IS  CETERXIKEO  ST  OtSSCLV* 
IKS  A SAMPLE  CT  CXICIZEO  FLUID  CfCCR  VSICR  OIL  ICSOLUXES  (VYE  SEEP  SEKOYED)  t«  ISdPEVTAIS 
AXS  WEISkIKS  TKE  '.RSCtCeU  XATEKIAl  VIICP  SEHlES  OUT. 
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Table  l6 


THE  ?ECT  & A CiffPxS-BiSXlUlsi  CATALYST  CN  TH3  OXIDATION  AND 
C0HH03I0N  CUAHACTEEISTICS  0?  A NAPHTHENIC 
TYrS  MIIESAL  OIL  AT  347*?. 

Tt?i  ass  stswi^*?  »|Tac  sftt.  hil<%^337. 

1E3i  COVOITIOXS  IkCteOE:  Tf«r  TErf2»£Utb;£  • 5^7  « air  rate  - iO  •«>  I LITERS  ?£R  HOUR; 

TEST  TIIC  - 7£  1I0?R$;  TEST  aoiO  CIURGE9  • 100  K..;  UTALYST  • A 
I IXCM  SQSUE  EJCS  Cf  TSS  KTALS  |ISt»TEO. 


TEST  asis 
AXTS-CZISAXT,  vr.l( 


LiQaio  LOSS,  vr.^ 

$ CRARSE  IR  VtSOOSta 
AT  I30*f. 

AT  0*f. 

ICOT«  10.  (R3.  £94/91.  OIL]: 
CRUIIOL 

flax 

A.S.T.M.  eilOX  COLOR: 
ORiSlRAL 
FIRM. 

. ¥7.^  OIL  (eSCLCSLE  KATERlX 

FIIUL  CATALYST  CORSf?IOR 
A.*P£ARUCC 

corPCft-sERraisi 

COrPER 

STEEL 

aWllRH 

KASKSim 

VT.  LOSS  (N5./$^  «.) 
C0P?£t«S£RTU.I9l 
CC??ER 
STEEL' 

Asian 

KASSSI9(  - 


lubricants  of  the  types- evaluated.  ‘This  effect  appears  to  be  interao<!ia  .e 
between  that  exerted  by  cetals  such  as  copper  and  bronze  arai  that  show-n 
by  setals  such  as  steel  and  al'^cintza.  The  coppei>bsryllim  alley  does 
i»t  appear  to  be  affected  advewely  by  the  typos  of  hydraulic  fluids  used 
in  this  study  xmder  the  test  conditions  outlined. 

E.  HIGH  T5K?HaATUaS  HYDHAUUC  PUH?  TEgTS.  One  of  tte  deterrents 
xo  testing  bydrauHc  fluids  and  hydraulic  bystea  ccaponcnts  at  elevated 
te.Hperatures  Is  the  current  lack  of  an  adequate  hi^  teqperature  hydraulic 
p'jsp  to  circulate  the  fluid  throu^  the  ^tea.  There  arc  indications  that 
with  'nirrent  aircraft  hydraulic  pusps^  operation  at  teeperatures  of  300*F. 
and  -*i^*or  nay  result  in  aecbacical  pi^obieas  which  retard  or  proldblt  fluid' 

HaJ!^  of  the  nechanical  problcns  in  aircraft  bl;^raixlic.pi^3  at,  - 
high  teaperatures  result  fxon  differential  netal  expansion  and  porablens. 
As  a result  cf  these  prcbleas^  high  temperature  p«rsp  testing  east  be- ^ne 
with  other  types  of  oydraulic  pvesps  and/or  by  indirect  eyaluatloh-xisi^ 
current  aircraft  pimps.  Both' of  the^  approaches  to  the  pfobfea  have  been - 
studied  by  this  Laboratory. 

A discussion  of  the  indirect  testing  tec^ques  in 
piston  type  aircraft  hydraulic  pimp  is  found  in  report  rSL  3>BrS6p53- 
2n  this  study,  the  viscosity,  volatility,  and  lubricity  levels  of  ester- 
base  hydraulic  fluids  and  lubricants  (Specs.  HU^MSOS  and  MII/-L-63S7) 
at  too*  to  600*F.  were  ssat^ed  using  ^droc^bon-base  fluids-at.lOO* 
to  2X)*P.  Also  In  this  stu^,  Vickers  Model  PP:rl7-3921-102EL  piston 
p^s  were  found  to  operate' satisfactorily  at  aCO*?.  ^.30CX)  p.s.i. 
with  fluida  of  one  centisloke  ^^sity  and  wiUi  other'properties  catching 
the  diester  fluids  and  lubrlcs^s  to  6CO*?»  Th^'e  data  innate 

that  a Vickers  piston  pimp  idll  operate  r^lsf^torily  idth^fluids  of  one 
centisbeke  visco^ty;  .%us,  it  ap^rs  that'intalliffgic^ 'aad^aed^hical 
cltanges  to  cca^hsate  fbr-ter^iaii^.-^effects  are,:pwi;dr^,  bu^'ttet  no 
oaior  change  in  told^ces  at  the'  operating: tteper^i^e,.- or  beating  load- 
ings, would  be  required'over  curient  addel  p^s^to  operate  at  5K?*'to 
550*F,  with  current  dibasic -acid  ester^hydraulicvfluids  a:^  jet  eng^ 
lubricants. 


The  current  studies  are  an  extension  of  ' the  abci^;>»tic.to-an 
actual  lydraulic  systea  in  whidt  all  of  the  '^ap^hts,  including 

the  pimp,  are  operated  at  teaperatures  of  500*F-  and  higher. 

1,  Design  and  Construction  l>>tails  of  the  High  Tespe^ture 
Pu3P  Test  Stand.  A flow  diagran  of  ube  high  tesperature  pit^  test  stand 
is  shown  on  Figure  6.  The  sy^es  design  is  sisple  and  the  hi^  pressure 
portion  of  the  cycle  short.  The  entire  test  unit,  with  the  exception  of 
the  pimp,  is  nounted  in  a 17  by  33  by  45  inch  box  >diich  consists  of  an 
angle  Ir^  franc  with  1/4  inch  Ttansite  beard  sheathing.  This  box  serves 
a two-fold  purpose.  Zt  protects  the  operator  «:vcq  the  hot  oil  ^stea  and 
frea  hot  oil  spray  in  case  of  a hydraidic  line  failure.  The  Transite  box 
also  acts  as  insulation  for  the  test  unit.  Kith  the  exception  of  the  oil 
heater,  -there  has  been  r.o  atteapt  to  insulate  individual  portions  of  the 
^stea  within  the  Transite  box. 
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The  hycirauXic  picp  is  s'jrrounled  by  a separate  Transits  box  to 
act  as  insulation  and  protection  for  the  operator.  The  hydra'ulic  lines 
(about  30  inches  long)  leading  fxna  the  pmp  enclosure  to  the  larger  test 
cyztcz  enclosure  are  insulated  separately  wirh  asbestos  gauze.  The  test 
unit  is  located  so  t/iat  either  of  tvo  ptcp  drive  units  can  be  used.  The 
units  consist  of  one  two-speed  cotor  with  a power  output  of  5 horsepower 
at  1800  r.p.n.  and  IG  horsepower  at  3^00  r.p.D.  and  a single  speed  color 
delivering  a power  output  of  7.5  horsepower  at  3600  r.p.n. 

The  high  pressure  portion  of  the  cycle  extends  frees  the  pitap 
to  the  high  pressure  orifice.  This  test  unit  has  a double  bypass  ^stec. 

1 and  2 (Figure  6)  in  the  open  position^  the  p*^  flow  is 
direotei  to  tne  reservoir  without  passing  threugh  ths  rcTainaer  of 
the  test  jystes.  That  iSj  with  both  valves  1 and  2 open,  a puap  rate 
can  not  be  ccasured  since  the  ^stea  flow  under  these  coz^tions.dces 
not  pass  through  the  oriiice  used  to  aeasi^  flow  rate.  I^th  valve  1 
<^osed  and  valve  2 open,  the  fluid  is  bypassed  around  the  pressure  load- 
i^  orifice  into  the  norsal  test  Q>cle.  The  discharge  pressure  ,of  the 
pisp  is  measured  by  the  pressiire  gage  located  in  the  loading  orifice 
holder.dj««iiately  upstreac  of  the  orifice. 

-The  heat  exchanger  ih  the  puap  test  ^sten  utilizes  a bed  of 
fluidized  solidJ.  Construction  details  for  this  heat  exchanger  ai^ 
ahcici  on  Figure  7«  A wiring  diagraa  for  the  heat  exchanger  is  shown 
cn  Figure  8.  The  fluidized  solids  bed  consists  of  the  anni:lar  ^ace 
between  the  10  inch  steel  pipe  shell  and  the  four  inch  steel  tutdng 
dunr  section.  Two  concentric  coils  of,  1/2  inch  stainless  steel  tubing 
to  a 6 and  8 inch  diaseter,  re^ectively,  to  give  a total  of  50 
linear  feet  of  tubing,  are  located  in  the  fluidized  solids  secUon.  The 
bbttOT  of  the  fXuidired  solids  section  consists  of  a porous  brass  plate 
to  allow  the  fluidizing  to  pass  enrougb.  The  fluidized  bed  is  filled 
to-a  height  of  16  inches  with  alunina  of  100  to  150  sicron  size.  The 
exhai^t  air  fn»  the  flui^zed  solids  section  passes  throu^  a ^clox:e 
precipitator  to  rc&ove  the  entrained  clusina  particles.  Fl*^dizing  air 
is  oetered  into  the  bed  at  a rate  of,'3  cubic  feet  per  xdnute. 

Ten  500  watt  strip  heaters  are  clamped  directly  on  the  outer 
shell  of  the  fluidized  bed.  The  distribution  of  the  heaters  and  the 
wiring  diagras  for  the  heating  circuits  are  shown  on  Fig^'rc  8. 
beater  controls  are  designed  to  give  continuous  'variation  between  0 and 
5000  watts  heating  capacity  with  reasonably  even  beat  distribution  over 
the  outer  shell  wall.  The  entire  heat  exchanger  5s  insulated  with  one- 
inch  lasinated  asbestos  paper.  There  is  a cne  inch  air-space  between 
the  heaters  and  the  asbestos  Insulation.  Provision  is  sede  for  laeasur- 
i s the  tesperatures  of  the  fluidized  bed  by  aeans  of  Iron-constantan 
therxnocou}d.es  located  on  the  heating  ^ell,  in  the  fluidized  bed  aidway 
between  the  heating  shell  and  the  outer  coil,  and  in  the  fluidized  bed 
between  the  two  concentric  coils. 


The  teaperature  of  the  test  oil  frcQ  the  heat  exchanger  is 
aeasured  at  the  outlet  by  aeans  of  an  iron-constantan  thexaocouple. 
The  oil  flow  froa  the  heat  exchanger  passes  through  an  orifice  and 
filter  and  then  is  returned  to  the  reservoir.  This  second  orifice 
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is  a sharp  edged  type  used  to  measure  flow  rate.  The  pressure  drop  across 
the  orifice  is  measured  by  means  of  pressure  gages  located  in  the  orifice 
case  imediately  upstream  and  downstream  of  the  orifice.  Tne  filter  ele- 
ment is  constructed  free  80  mesh  stainless  steel  screen.  The  reservoir 
is  an  approximattiy  one  gallon  capacity  section  of  6 inch  diameter  F^rex 
pipe.  The  tesperatiu^  of  the  oil  free  the  reservoir  is  measured  by  means 
of  a recording  theiaoceter  and  reported  as  pxap  inlet  temperature. 

The  heat  exchanger  and  orifice  flow  peter  represent  a marked 
departure  from  the  cquiicent  employed  in  the  other  PHL  piap  test  stands 
wbicL  have  been  described  in  previous  reports  from  this  Laboratory.  The 
rea.-ons  for  th*‘  **hoice  of  these  units  and  their  operating  ^racteristicsj 
thc*s;*ore,  descr-'s  further  cemment. 

The  high  temperature  pusp  test  stand  is  designed  to  simulate^ 
as  far  as  possible^  the  situations  existing  temperature-wise  in  actual 
operation.  Therefore,  care  must  be  taken  in  the  manner  of  beating  the 
fltdd  in  the  pump  test  system.  This  is  particularly  true  in  the  range 
of  ACO*  to  5C0*P.  bulk  oil  temperatures.  These  tesperatures  are  close 
to  the  level  of  incipient  thexsal  instability  of  maiy  of  the  ^rnthetic 
lubricants.  Oocidaticn  stability  is  critical  in  this  temperature  range 
for  both  mineral  oil-  and  ester-type  fluids.  The  nse  of  electrical 
izaersion  heaters  in  direct  contact  with  Lhe  fluid  has  been  found  to  be 
generally  unsatisfactory.  Even  with  forced  circulation,  the  surfaces 
cf  the  electrical  issaersion  heaters  becoc&e  sufficiently  hot  to  cause 
local  themal  cracking  of  some  ^mUietic  lubricants  even  though  the  biilk 
oil  temperature  is  controlled  at  50*  to  150*?.  below  the  point  of  thenaal 
instability. 

-The  use  of  a heat  exchar^er  of  the  type  described  elimir^ates 
or  minimizes  this  local  overheating  problem.  The  use  of  a fluidized 
solids  bed  heat  exchanger  reduces  the  fire  hazard  and  the  sealing 
problems  noxmally  involved  in  a liquid  or  vapor  type  beating  medium. 

The  fluicized  solids  bed  exchaz^er  is  ccopetitive  with  liqizid-llquid 
heat  exchangers  in  terns  of  overall  efficiency  and  beat  transfer  coeffi- 
cient. Data  on  the  amount  of  heat  required  in  the  heat  exchanger  to 
maintain  various  test  temperatures  in  the  pusp  test  system  <.re  shown  on 
Table  17.  These  data  arc  dependent  on  tne  energy  input  to  the  fluid  by 
the  hydraulic  pu=p.  The  thexmocouple  temperatures  listed  are  for  the 
indicated  thermocouple  locations  on  Figures  6 and  7.. 

The  How  rate  is  measured  by  the  pressure  drop  across  an 
orifice  in  this  high  se^>erat\2re  ^stem.  Flow  diversion  to  a graduated 
blinder  and  the  displacement  type  flow  meter  have  been  used  to  measure 
flow  on  low  temperature  hydraulic  pump  stand  ^sterns.  The  flow 
diversion  method  is  undesirable  at  high  temperatures  because  of  the 
hazard  to  the  operator.  The  use  of  displacement  meters  is  undesirable 
at  nigh  temperatures  because  cf  the  increased  ^stem  holdup  and  heat 
loss  involved. 

Two  orifice  sizes  have  been  used  in  this  stu^.  The  cali- 
bration curves  of  flow  rate  versus  pressure  drop  are  shown  on  Figure  9. 
These  two  orifice  sizes  cover  adequately  the  range  in  flow  rates 
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obtained  vdth  the  Vickers  vane  power  steering  pimp«  Ihe  orifice  flow 
cjeter  is  essentially  independent  of  viscosity.  Viscosity  is  only  a 
0.2  power  fimction  of  pressure  drop  in  turbulent  flow  through  a sharp 
edged  orifice.  The  use  of  the  orifice  flow  oeter  has  proven  to  be 
satisfactory  for  these  tests. 

2.  Vickers  Vane  Type  Hydraulic  Steering  Puso.  The  puep  used 
for  these  500*P.  tests  Is  a Videers  model  VT4-100-At>“75-10  vane  pis^. 

Tnis  *^ype  of  pu^  is  ccessonly  used  in  autccotlve  hydraulic  steering  units. 
This  pu-Q)  has  a displacement  of  4 g^p.Q.  at  1200  r.p.n.  this  is  a mass 
produced,  i-ndustrlal  type,  {nmp  consisting  of  essentially  all  steel  parts. 
The  config.uration  of  the  wearing  parts  of  this  Vickers  vane  power  steering 
pu^  arc  rhovn  in  Pitres  10  and  21.  The  indicated  ptap  pjirLs  are 
id6ntiri*->I  on  Table  ir.. 

essential  wearing  parts  of  this  paap  consist  of.  a slotted 
steel  rotor  (H)  a^' 15 -hardened  steel-va'ne's  (j),  a steel  c^js-ring.  (0), 
and-tw^hardwied  ^eei.  valve  plates'.  _0ne  of  the  ^ve  plates  ^ is  a 
separate  papt>  viereas  the  second  valve  plate  is  an  integral  part  of, 
and  foxes  the  face  of  the  punp  body  (1).  These  parts  fit  together  in  a 
ccspact  unit  in  which- the  rotor  and  vanes  are  situated  in  the  elliptical 
^p^  caa  ring  with  the  two  valve  plates  on  either  side  of  the  can  ri^ 
as  shoxi  in  Figure  11.  Wien  the  picp  is  assembled  the  relative  ]x>sltions 
of  the  valve  plate  and  cam  ring  with  respect  to  the  ptrsp  body  are  deteiv 
ained  .^  two  rcaovablc  pins  (K)  lisLch.  are  situated  in  the  ptaap  body  and 
are  radially  plac^-lSO*  apart.  The  pins  project  through  ccrre^ndlng 
holes  in  the  caa  ring  and  into  the  v^ve- plate.  As  a conset^ence,  no 
relative  sovenent  between  the  valve.-pilates  and  C2ca  ring  occurs. 

The  assembled  piaap*  contains  two.- rubber  "0"  ring  seals  (D), 
which,  are  desired  to  eliminate  oil  leakage  froa  the.  pusp.  One  ring 
seal  is  recessed  in  a circulai*  slot  In-the  pusp  body  auai  se^s.the,^]^ 
between  the  caa  ring  and  the  p\^  tiody.  T^  seccrai-  ”0“  ring  fits  into 
a recessed  groove  in  the  cover  and  seal?  puap  betw^n  the  caa  ring 
and  the  pap  cover.  In  addition  to  bei^  bydraullcaliy  load^,  .the 
is  spring  loaded  by  the  control  valve  assoably  and  spring  (C)  Sdiich  is- 
contaiued  in  the  prap  cover  and  >4iich  forces  the  valve  plate  (S)  against 
the  caa  ring.  The  rotor  and  caa  ring  are  so^d^igueu  that  as  the  rotor 
rotates  in  the  elliptical  caa  ring,  the'  centrifu^O.  action  forces  the 
vanes  out  against  the'incer  surface  of  the  caa-riiig.  The  yanes  are 
subsequently  extended  to  their  aaxirass  position  where  the  radius  of  the 
ellipse  is  a ca3clffi^S3.  Conversely,  the  vanes  extend  out  of  the  rotor 
the  least  when  the  radius  of  the  ellipse  is  a ainicna. 

The  valve  plates  and  ca  ring  are  so  plated  with  reject  to 
each  other  that  the  change  frea  oinis^us  to  sasdmua  radius  of  the  caa 
ring  coincides  with  the  valve  plate  inlet  ports.  The  change  from 
iraxlTTua  to  nlnlTmm  radius  of  the  c&a  ring  coincides  with  the  valve 
plate  exit  ports.  The  radius  of  the  caa  ring  remains  constant  between 
ports. 


The  control  valve  assesbly  contains  a spring  leaded  pressure 
relief  valve  which  xsxxsally  opens  when  the  puap  outlet  pressure  reaches 
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700  p.s.i.  and  allows  fluid  to  be  by-passed  frera  the  pirsp  cutlet  to  tht 
reservoir.  However,  for  the  series  of  tefsts  discussed  in  this  repc*^ 
the  by-pass  port  to  the  reservoir  was  plugged  (T).  In  other  words, 
although  the  puap  actually  contains  a pressure  relief  valve,  the  systca 
was  so  constructed  that  the  valve  could  not  operate. 

The  rotor  is  driven  by  the  drive  shaft  (S)  which  is  counted 
in  the  puap  body  and  is  supported  by  two  bearings  (H)  and  (P) . The 
drive  shaft  seal  assembly  (0)  consists  of  a spring  loaded  lip  type 
robber  seal  in  a stan^^ed  steel  container.  The  rubber  xaeaber  fits  snugly 
on  the  drive  shaft  and  eliminates  oil  leakage  from  the  puap  to  the  atxaos- 
pherv  along  the  drive  diaft. 


The  fe;'??^ticn  of  the  pu^  is  as  follows:  ixulu  enters  tho 
puap  inlet  j>ort  (H)  and  is  drawn  into  the  picsp  mit  at  suction 
pressure  through  two  ports  in  the  puap  body.  The  piiap  body  inlet  ports 
cccmvnicate  with  a recessed  portion  of  the  valve  ^ate  (B)  through  three 
holes  drilled  in  the  caa  ring  (G).  This  enables  the  fl^d'to  enter  the 
pump  unit-froQ  both  sides  of  oas  ring.  The  vanes  are  forced  out 
against  the  inside  surface  of  the  caa  ring  by  centrifugal  force  generated 
by  the  rotor  %diich  is  revolvii^  at  the  driven  ^eed  of  the  puap.  As. the 
vanes  i&ove  past  the  valve  plate  inlet  ports  a portion  of  the  fluid  is 
entrapped  and  delivered  to  the  discharge  ports  in  the  valve  ^ate  (E). 

The  fluid  is  subsequently  discharged  throu^  the  pu&p  discharge  port  '(F> 
to  the  external  hydraulic  system  at  full  line  pressure.  This  vans  puap 
was  chosen  for  use  in  evaluating  high  tesperature  fluids  for  two  reasons:^ 
.-first  the  puap  parts  are  all  steel  and  are  loaded  hydraulically,  and  centri- 
fugally,  i.e.,  there  are  no  fixed  clearance  parts  in  the.^uspiz^  neebanisa; 
and  second  the  Vickers  V105A  vane  puap  of  sicdlar  design  has  been  xsed 
successfully  in  the  past  by  tbis'  lnboratoiy  as  a lubricity  tester. 

3-.  Plan  Test  Results.  A total  of  29  tests  have  been  conducted 
with  the  Vipers  vane  puap  in  the  high  tccpcratiure  pump  test  staz»l.  Tests 
1 through  14  ere  essentially  exploratory  tests  using  hi^  quality  di-2- 
.ethylhesqrl  sebacate  and  cinex^  oil  compositions.  A sussary  of  these 
e3q)lcratoiy  tests  is  ^own  on  Table  19.  The  schedule  followed  in  puap 
part  replacement  is  shown  in  Table  2D.  The  test  data  on  Table  19 
represent  a total  test  time  of  72.5  hours  at  500*F.,  81  hours  above 
and  115  hours  above  300*F.  These  pxap  test  data  have  been  obtained  with 
both  mineral  oil  and  ester  cespositions.  The  property  changes  in  the 
flxxids  during  the  pinp  tests  are  shown  on  Table  21. 


Tests  1 through  7 evaluate  the  operational  characteristics  of 
the  pump  under  high  temperature  conditions.  In  addition,  this  series  of 
tests  has  been  used  to  show  the  effect  of  pressure,  temperature,  and 
fluid  viscosity  on  vclisetric  cfflciex^cy.  This  series  of  prelirdnaxy 
tests  iridicates  that  this  Vickers  vane  puap  will  run  satisfactorily  at 
temperatures  up  to  500*F.  and  pressures  well  in  excess  of  the  i^axixici 
rat^  pressure  (700  p.s.i.)  with  high  quality  e^er  and  xd.neral  oil 
compositions. 


The  effect  of 
of  the  puap  is  shoKi  on 


system  tesperature  on  the  voluaetric  efficiency 
Fi.'^uxe  12.  These  data  show  essentially  no  change 
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LOV  5CC  WATTS 


RSAT  IIPQT  FRQK  Pvti*  CAUCUTeO  A$  FOUOAS: 

H (V«n$)  « 0.i3$  (CONYlfiSiON  FACi^)  X X nctf  UU  (fi.P.H.) 

FOX  T«$C  CAICOUTIOKS  TIC  KAT  OFICaATTS  tit  TO  FRfaiOX  IN  TIC  HAS  UIH  ICGUOTEO. 
A VALUe  OF  5.3  6.r.X.  \US  OSFD  FOX  TiZ  aCN  MTC;1X  iMSt  CALaxA-|.  5;  THIS  VAIVE  IS  THE 
KAXiwm  aCH  RAa  VNICN  EAS  ssei  CSTAIICO  VITS  Ta  VICXCRS  VAKC  WHICH  VAS  oseo.  TIC 

j'  CFaa  OF  passoic  ci  the  vcloctric  caiciExcr  or  tic  pimp  vas  no'  oKSiDcao. 

(2)'  T4  a^KRA^TXc  rCASORfO  AT  OOTUT  FPOK  MEAT  CXCHANCCR. 

^2  • TWCRATURS  fCASUfCO  IN  fCAT  EXCBAliSeR  BETVTER  COILS. 

T^  «.TU?£RATUR£  HEASUSEO  ]K  HEAT  CXCUliKic  SOVZtK  OHER  COIL  AXO  KA.  -XCIiANSER  SHELL. 
Tj  • TEKPERATCRE  KEASOREO  ON  TIC  ICAT  EXCRAXCER  SiCLt. 

(SEE  FtOORES  6 AX9  7 FOR  Ts£RNOCO;?U  U-^TIOKS). 
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CAUDRATION  OF  SIL^-EOMD  OOTICK*  .USED  FOH  FLOW  RATE  IJSTERHINAT'IONS 
^ «’a  3harp*<'ed£ed' o'ri^ce  vf^th-'Q^’dlamWor  of  0>120  2nchoo. 

0 • a aharp^e'dg'ed  orifice  vrlth  a.difiz^oter  of-  O.I60  inches 


in  volxaetric  efficiency  ssiU:  ijicrcascd  teaperat^jr*.  Tne  effect  of 
pressure  on  volumetric  efficient  is  sbovn  on  Figure  13.  %is  Vickers 
variC  p'^p  chews  a relatively  large  change  in  voi;rsctrie  efficiency  with 
increasing  pressure.  Ihe  effect  of  fluid  viscosity  on  voluaetric  effi- 
ciency is  shown  on  Figure  14.  Ihese  data  indicate  that  the  effect  of 
viscosity  change  and  pressure  change  on  flow  rate  is  auch  greater  for 
this  Vickers  vane  puap  than  for  the  Videers  edreraft  type  piston  pvszp. 

The  c<.Dbined  effect  of  pressure  and  viscosity  is  illustrated  by  the  two 
curves  on  Figure  13-  The  extent  to  which  the  volxaetric  efficicn<rr 
versus  viscosity  and  pressure  characteristics  can  be  Improved  ty  design 
changes  is  not  known  to  this  Labor^oiy. 

Tne  lubr'''ity  characteristics  of  the  fluids  e**5iu**tc4  at  500*F. 
may  be  estimated  from  the  average  vane  loss  during  the  tests.  This 
laboratory  has  used  previously  a Videers  V105A  type  vane  pump  as  a 
lubricity  tester.  The  rise  of  the  Vickers  V105A  vane  piap  as  a lubricity 
tester  is  discussed  in  detail  in  reports  PfiL  3.3^?~b47  and  PKL  3,42-Jul48 
issued  by  this  laboratory  under  Contract  NOrd  7958 '(Task  B).  These  data 
show  that  lubrication  of  the  vane-cam  ring  bearing  surface  is  im^sroved 
by  increasing  fluid  viscosity  or  by  the  inclusion  of  tricresyl  phosphate 
as  an  anti-wear  additive.  The  basic  vane-can  ring  bearing  area  in  the 
Vickers  V105A  and  the  Vickers  vane  type  power  steering  picp  are  essentially 
the  same. 


>?ear  studies  with  the  VlOSA  pump  indicate  that  inadequate  lubri- 
city results  in  vane  and  cam  ring  wear.  In  general,  the  major  portion  of 
the  wear  from  a poor  lubricant  is  noted  as  cam  ring  wear.  When  cam  ring 
wear  becomes  excessive  in  the  V105A  vane  pisp  colloidal  metal  particles 
are  noted  in  the  test  fluid.  This  same  bdiavlor  has  been  noted  for  the 
Vidsers  vane  type  power  steering  pump  at  500*P.  The  V105A  vane  pump 
requires  a mineral  oil  of  about  25  centistekes  at  the  test  te:9erature 
to  eliminate  essentially  all  wear  without  the  use  of  anti-wear  additives. 
Thus,  it  wculd  appear  that  good  lubricity'  in  the  Videers  vane  picp  at 
elevated  temperatures  wculd  ccoe  freo  the  use  of  choaical  a^i-wear  addi- 
tives. The  data  in  tests  1 through  ^ indicate  that  excellent  wear  values 
result  frcQ  the  use  of  the  di-2-eth(ylh«:Ayl  sebacatc  type  fluid  containing 
1.0  wei^t  per  cent  tricresyl  phosdiate.  Moderate  wear  is  noted  fren  the 
S00*F.  tests  conducted  with  the  3457  mineral  oil  conposition  contain- 
ing 1.0  wei^t  per  cent  tricre^l  phosphate. 

The  same  relative  wear  results  between  the  ester  and  mineral 
oil  fluid  are  shorn  by  te**'  s 11  and  12  in  %6ich  the  test  times  have  been 
exter.ded.  These  lubricity  differences  between  the  laineral  oil  and  ester 
ccQpositions,  both  containing  1.0  weight  per  cent  tricresyl  phosphate, 
appear  to  be  due  to  the  elevated  operating  temperature.  Data  are  avail- 
able to  indicate  that  adequate  lubricity  is  obtained  freo  either  the 
mineral  oil  or  ester  cocpositic'^s  idth  1.0  weight  per  cent  tricre^l 
phosphate  to  produce  essentially  no  wear  in  the  Videers  vane  type  puop 
in  the  temperature  range  of  ISO*  to  200*?.  The  apparent  difference 
in  lubricity  between  mineral  oil  and  ester  compositiens  at  500*P.  will 
be  investigated  further. 

Tests  8,  13  and  14  were  cor.ducted  to  determine  the  effect 
of  chemical  polishing  type  luoricity  additives  on  the  pimp  parts  showing 
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QOderate  war.  These  four  tests  are  relatively  lew  teaperature  tests 
in  the  range  of  200*  to  350*?.  Test  7 was  conducted  with  a highly 
refined  naphthenic  mineral  oil  (3-5  centistokes  idscosity  at  100*F.) 
containing  5-0  weight  per  cent  tricrejyl  phosphate.  The  pressxire  was 
increased  to  1200  p.s.i.  to  achieve  the  saae  severe  conditions  of  vane 
on  can  ring  bearing  load  as  those  under  which  coderate  wear  was  noted 
an  test  6.  ^casination  of  the  vanes  ar.d  cza  ring  after  test  7 ii^cated 
trat  the  wearing  surfaces  were  polished  during  the  test.  It  is  interesting 
to  note  that  this  carked  change  in  wearing  surface  appearance  occurred  with 
ess^^ntially  no  weight  loss  of  the  vanes.  This  is  the  es^cted  resiiLt  of 
chealcal  polishing  with  cert-ain  types  cf  orgeno-pho^horus  cospour^s. 

Test  C ccGprises  another  attes^t  to  evalxiate  a ssore  active 
'neaical  polisning  agent.  Alkyl  add  phosphites  have  the  sane  anti- wear 
activity  as  tricresyl  phosphate  in  the  four-ball  wear  tester.  The  alkyl 
acid  pbosf^tes,  however^  can  be  used  at  a nuch  lower  concentration  than 
tricresyl  phosphate  and  the  effect  extends  to  hi^er  loadings  in  the 
extrene-pressure  range.  Test  8 indicates  that  di-2-ethjlheuqrl  sebacate 
containing  0.5  weight  per  cent  of  diethyl  add  phosji^te  is  also  a good 
anti-wear  additive  and  does  not  show  signs  of  cheaical  erosion  in  the 
Videers  vane  pvap.  The  vanes  after  test  7 appeared  to  be  highly  polished. 
There  was  no  change  in  this  appearance  after  test  8. 

In  test  13 « the  ester  blezd  containing  0.5  weight  per  cent 
diethyl  acid  phosphite  was  iised  with  the  worn  vanes  of  te<et  12.  Visual 
evaluation  cf  the  vanes  and  can  ring  foHcwing  test  13  indicates  that  the 
vanes  are  highly  polished.  Weight  loss  valued  indicate  that  the  polish- 
ing was  again  accespUshed  without  appreciable  wear.  That  is,  the  effect 
of  0.5  weight  per  cent  diethyl  add  j^sphlte  in  di-2-cthylheJvl  sebacate 
and  5.0  weight  per  cent  tricrcryl  phosphate  in  a low  viscosity  nineral  oil 
app^^ars  to  be  the  sse.' 

In  tests  7 and  1“^.  rate  fluctuations  were  noted  during  the 
course  of  the  test.  In  bov..  cases^  these  rate  ch  nges  resulted  » 
net  rate  increase  at  the  conclusion  of  the  test.  These  changes  in  rate 
are  attributed  tc  the  cheaical  polishing  action  in  better  aating  the 
vane-caa  ring  bearing  areas. 

4.  Sffect  of  Teanerature^  and  Fluids  on  the  Pisp  Parts.  The 
•*ei^ccaehl  schedule  of  p\Bp  ^rts  is  shown  on  Table  20.  It  can  be  rioted 
frsa  these  data  that  essentially  nn  ^chanical  failures  occurred  durirg 
this  series  of  tests.  The  cajor  portion  of  replacesent  parts  consists 
of  the  rulber  seals.  The  rubber  O-rings  and  shaft  seals  are  standard 
Vickers  rcplaceaent  parts.  The  type  of  ru»  ocr  used  for  these  parts  is 
not  known  to  this  X.aboratoty.  There  ax*e  tiio  bedy  seal  0-rings>  one  on 
each  side  of  the  caa  ring.  These  seals  had  to  be  replaced  after  each 
50C*F.  test,  only  if  the  p;Bp  was  disasseabled  at  that  point.  That  is, 
in  the  cases  >4iere  only  one  seal  was  rei^accd,  the  puap  disasseabled 
by  breaking  the  caa  ring  ptsp  body  seal  on  only  one  side.  In  the  tests 
requiring  two  body  seals,  the  caa  ring  was  coaplctcly  reaoved  froo  the 
pvnp  for  exsaination. 

This  saae  behavior  was  noted  with  all  of  the  static  rubber 
seals.  That  is,  as  long  as  these  seals  were  left  uridisturbed,  several 
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500®F.  tests  could  be  conducted  without  trcublesaae  leakage.  In  several 
cases,  it  was  noted  that  fi^.ed  seals  which  did  not  leak  at  500*F.  would 
aHov  toss  fluid  seepage  at  roos  tcsperatiu*e  but  would  again  seal  sati&-> 
factorily  when  the  teaperature  was  raised  to  500®F.  The  rubber  seals 
appeared  to  be  in  better  shape  after  the  500*F.  test  with  the  ester  type 
fluid  than  with  the  nineral  oil.  Ihe  seals  taken  frt»i  500^F.  tests  with 
mineral  oil**  shew  evidence  of  a severe  compression  set  and  increased 
brittlene  The  seals  from  tests  with  the  ester  fluid  still  show  scae 
pliability  and  rebber-like  properties. 

Ihe  shaft  seal  in  the  Vickers  vax^  piap  ccaprises  a steel  shaft 
rotating  in  a ruboN.*  "lip"  type  seal.  It  can  be  noted  that  -liis  seal 
has  only  been  replaced  3 times  in  the  14  high  temperature  tests.  Two  of 
these  replacements  have  occurred  following  tests  with  mineral  oils  and 
the  third  following  a cccplete  dismantling  of  the  pKstp  to  replace  the 
shaft  bearings.  Ko  cases  of  severe  shaft  seal  leakage  occurred  daring 
this  series  of  tests. 

It  can  be  seen  that  replacement  of  the  metal  pvop  parts  as 
been  quite  limited.  The  only  pump  part  failure  noted  in  the  ect* 
series  of  tests  was  a shaft  bearing  failure  in  test  11.  This  fai  re 
was  not  complete,  but  incipient  failure  was  indicated  by  an  inc«  ase 
in  noise  level  during  pap  operation.  The  increase  in  pmp  noise  is 
responsible  for  the  incremental  decrease  im  press\ire  starting  after  12 
hours  of  test  11.  The  pressure  of  the  ^stea  was  reduced  to  lessen  the 
abnormally  high  noise  level  and  vibration.  It  is  interesting  to  note 
that  while  half  of  test  II  was  conducted  under  conditions  of  high  noise 
and  excessive  vibration,  the  wear  of  the  vanes  is  very  low  and  pusp 
leakage  thxou^  the  seals  was  not  excessive. 

iteainaticn  of  the  two.  shaft  bearings  following  test  11 
indicated  that  one  of  these  bearings  was  becoming  "rough"-  Both  shaft 
bearings  were  replaced  at  this  point.  The  bearing  showing  incipient 
failure  was  disassembled  and  examined.  This  bearing  showed  no  clear  cut 
reasortS  fer  incipient  failure.  It  is  believed  that  mechanical  failxire 
from  hi£h  temperature  fatigue  cay  have  been  «3q>erienced  here.  The  bear- 
ings are  not  desi^^ed  for  high'tesperature  vso, 

Tne  cam  ring,  valve  plate,  and  vanes  which  were  removed  frea 
the  pusp  after  test  10  were  still  in  satisfactory  operating  condition. 
These  parts  were  dianged  to  cmduct  long  time  tests  with  new  parts  on 
an  esteiv  and  mineral  oil-type  ^uid. 

It  has  been  noted  that  the  differential  espansiwi  problem 
can  be  troublesome  at  500*F.  It  is  extready  difficult  to  obtain 
leak  proof  fittings  on  the  pusp  housing.  Even  with  the  use  of  steel 
fittings  in  the  ste^  pap  housing  on  the  hi^  pressure  side,  it  is 
difficult  to  eliminate  leakage.  This  leakage  was  eventually  eliminated 
by  silver^soldering  the  fitting  in  the  housing. 

5.  Fluid  Behavior  in  Prelixainarv  High  Temperature  Puao  Tests. 
One  of  the  primary  p>irposcs  of  a high  tc^eraturc  hydraxQic  pump  test 
stand  is  the  evaluation  of  flxiid  heavier  vrdsr  these  modc-iip  conditions. 
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The  property  (Ganges  in  the  test  fluids  incurred  under  the  high  temperature 
test  conditions  are  shown  on  Table  21.  ?t  sliould  be  emphasized  that  these 
tests  were  conducted  in  the  presek4ce  of  air.  The  sore  ir^rtant  temperature 
with  respect  to  property  changes  during  the  test  is  probably  the  discnarge 
teaperature  of  the  fluid  from  the  fluidized  solids  bed  heat  exchanger.  The 
property  changes  shown  on  Table  21  are  indicative  priaarily  of  thermal 
charges.  That  is,  the  property  dianges  noted,  with  few  exceptions,  would 
retult  from  subjecting  the  oil  to  a thermal  stability  test  at  tne  indi- 
cati^  caxjgca  sest  t€Ciperature  for  the  total  test  tise.  Appreciable  oxida- 
tive effects  would  be  noted  by  sizeable  increases  ir.  viscosity.  'Ihe  vis- 
cosity changes  (decreases)  noted  for  the  blend  containing  Polybutenc  and 
Acr^joid  arc  cf  the  same  order  of  magnitude  as  those  thermal  stability 
testj  of  equiViil«nt  severity  in  test  condiUons.  These  data  indlc.«t8 
tuat  permanent  viscosity  decrease  due  to  shear  is  net  accelerated  by  the 
elevated  temperatures. 

There  is  no  visible  indication  of  sludge  in  the  used  ^uids  frea 
these  high  temperature  p'.ap  tests.  There  is  some  evidence  of  dirtiness, 
or  nctal  coating,  ficca  both  the  ester  and  nineral  oil  fluids  on  the  ^terior 
parts  of  the  hydraulic  p«ap.  Kon-rubbing  setal  parts  in  the  picp  teiKi  to 
become  coated,  or  stalr^,  with  a light  coaling  quite  similar  to  that 
noted  on  tba  metal  catalysts  fx^  hi^  t^perature  oxidation  tests.  These 
coatings  are  believed  to  be  attributable,  at  least  in  part,  to  the  amine 
type  oxidation  inhibitors  used  in  both  the  nineral  oil  and  ester  flitids. 
There  is  sene  evidence,  in  the  case  of  the  nineral  oil,  that  small'  csousts 
of  sluige-like  deposits  collect  in  the  pu^  body  and  on  the  wire  screen 
filter.  In  the  most  severe  of  the  oinexal  oil  tests  (test  12),  this  deposit- 
is  not  sufficient  to  cause  malfunctioning  of  the  pump  or  plugging,  of  the 
wire  screen  filter.  A very  slight  pressure  drop  increase  was  noted  over 
the  filter  toward  the  end  cf  th*  test, 

6.  Bvaluation  cf  Proealsinjy  Hydraulic  Fluid  Cceoosttlora  at 
5CO*F-  Tcese  preliminary  tests  in  the  Vldccrs  vane  power  etee^^ng  pasp 
test  stand  at  W*?-  ^re  encouraging.  In  general,  it  aT^>eared  that  the 
reliability  of  this  test  vehicle  is  such  that  fluids  coidd  be  evaluated 
reproducibiy  without  excessive  extraneous  mechanical  difficulties,  ihiring 
the  1m  preliainaiy  tests,  a total  pump  test  time  of  137  ho*a:s  was  logged. 

Of  this  total  time,  about  73  hours  was  at  500*F.  These  prelSsinary  data 
lr.dicatcd  that  the  Vickers  vane  pvcp  could  be  operated  to  give  reproducible 
results  at  500*F.  and  an  operating  pressure  of  700  p.s.i.  A naphthenic 
mlnerau  oil  and  a di-2>et!ylhe^l  sebacate  ccoposltion  operated  success- 
fully under  these  conditions  for  2L  hours. 

As  a cosmon  test  procedure  for  high  teaperaturo  hydraulic  fluids 
the  following  test  conditions  were  chosen; 

Test  fltud  temperature  in  the  pusp  * 500*F. 

Test  tirtc  ■ U nours  at  500*F. 

Pressure  generated  » TOO  p.s.i. 

Time  for  p**sip  vazztup  to  500*F.  frea  room  tesperature  * 
apptox.  2 hours 

Pressure  during  nump  wazmup  ■ WX)  p.s.i. 
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Table  2D 

PARTS  RSPLACEMEOT  IK  THE  mSH  TSHPHtATORE  PUKP  TEST  STAND 
Parts  R^laced  Folla<dng  the  Test  Indicated 


Note: 


It  has  been  noted  that  the  rubber  gasket  caterial  and  "0"  rings  deter- 
iorate more  rapidly  >dien  a oineral  oil  is  used  than  vhen  an  ester  io  used. 
This  is  evident  vhen  the  replaceasnt  list  above  is  cerpared  vith  the  fluid 
used  in  the  test  izssediately  preceding  raplaceaent.  For  exsaple,  excessive 
leakage  occurs  in  the  filter  case  daring  odneral  oil  tests  and  in  both 
cases  vhere  "0"  rings  were  replaced  this  occurred  iisiediatdy  following  a 
mineral  oil  test  (#5  and  #12). 

In  all  cases,  the  "0"  rings  in  the  puq;>  body  are  more  pliable  follow- 
ing a run  using  an  ester  than  following  a run  in  yiitdi  a mineral  oil  Is 
used.  This  had  also  been  observed  for  the  gasket  caterial  used  in  the 
reservoir. 
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The  test  results  for  the  various  high  teaperatxire  hydraulic  fluids  under 
the  above  test  conditions  are  shoxn  cn  Tables  22.  23  and  24. 

The  data  on  Table  22  show  the  effect  of  the  flxiid  on  p«ap 
operation.  "Pie  parts  replaceaent  schedule  is  shovn  on  Table  23.  In  addi> 
tion  tc  wei^t  loss  of  the  vanes,  the  change  in  surface  roughness  has  been 
detenained  following  several  of  these  tests  to  Illustrate  further  the 
type  of  I’ear  observed.  Surface  roughness  was  neasxxred  with  a Brush 
Devclcpient  Coapany  surface  analyzer,  the  two  surfaces  investigated  are 
the  va^ve  plate  Is  hydraulically  loaded  against  the  sides  of  the 

Yauos  ai  d the  caa  xdng  against  which  the  vanes  are  loaded  by  centrifugal 

‘."lie  caxlaua  surface  change.^  due  to  wear  on  the  valve  plate  appeared 
to  ivtwecA  inlet  pert  and  the  exit  port  in  the  direction  of 

rctaticr.  ci  the  Tnis  portion  of  the  valve  plate  is  indicated  in 

Figure  11  (U)V 

i^^e'^rticn  o*  the  lean  ring  surface  sho>dng  naxinum  surface 
roughness  is  ti\e,5»rticn  tdiich  roissunicates  directly  with  the  inlet  port 
as  indicated  on  figure  22  (V).  Only  one  of  the  two  critical  wear  areas 
is  narked. for  the .'csn -ring  and  valve  plate.  Tne  second  area  in  each 
case  Is  idO  degrees  froo  the  first  since  the  puap  ccc&pletes  two  pusping 
'Cycles  in  one  revolution^  Traces  of  surface  roughness  for  the  caa  ring 
and  valve  plate  at  the  irrlicated  arehs  for  several  lubricants  in  500*F. 
puip  tests  are  shown  on  Figwes.lJ  through  23.  A trace  of  surface 
raughn^s  for  the-new  parts  is  sho'<m  as  Figure  15. 

As  Indicated, previously,  both  irdneral  oil  and  ester  coaposi- 
tions  gave  satisfactory  operation  for  4 to  24  hours  under  the  standard 
test  conditions  chosen  for  fu^her  hydraulic  fluid  evaluation.  Pump 
tests  1'  through  14  and  16  through  29  wero  conducted  with  different 
batches  of  pui^  parts.  Therefore,  ♦ staeSard  test  with  the  dl-2-etJyl- 
hexyl  sebacate  fluid  is  included  in  the  current  scries  of  tests  as  a 
reference  point. 

Test  No.  29  is  the  reference  test  with  di-’2-ethylhexyl  sebacate 
containing  1,0  weight  per  ceiit  tricresyl  j^sphate  and  0.5  weight  per 
cent  phenothiezine.  As  indicated  in  Table  23#  this  test  was  conducted 
with  es^'entially  all  new  parts.  The  results  of  this  test  are  in  good 
agreement  with  the  prelialnaxy  te^s  using  the  same  test  fluid,  with  the 
previous  batch  of  p\tip  parts.  The  volumetric  efficiency  of  the  pw&p 
sfuvs  a drop  of  ^prcxiicacely  14  pc  r cent  during  the  four  hour  test 
period  at  500*F.  puap  xesperature  ar.d  550*F.  xnaxiaua  fluid  temperature. 

It  can  be  seen  ^raa  the  surface  profile  data,  cn  Figure  16  that  there  is 
a noticeable  increase  in  surface  roughness  of  the  cam  ring  and  valve 
plate  surfaces  even  though  tho  vane  wear  gives  indication  of  very  little 
wear.  The  vane  edges  bear  against  the  cam  ring  and  valve  plate  where 
the  surface  roughness  is  measured.  Ar.  attempt  has  been  made  to  use  the 
surface  analyzer  on  the  vane  edges  to  detezedne  surface  roughness.  The 
vane  edge  roughness  cannot  accurately  be  measured  with  the  surface 
analyzer  used  for  this  work,  because  of  the  narrow  curved  surface  of  the 
vom  vane  edge.  It  has  been  detezsined  by  trial  measurements  that  the 
vane  edge  and  the  siting  wear  surface  cn  the  com  ring  do  have  similar 
roughness  profiles. 
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In  previous  studies  vdth  the  Vickers  V105A  vane  puap  and  in 
this  current  study  with  the  Vickers  power  steering  picp,  test  data  have 
indicated  that  severe  overall.  pxEip  vsear  car*  occur  with  only  coderate 
vane  wear.  Severe  puap  wear  in  the  Vickers  V105A  vane  puap,  evaluated 
at  100*F.,  generally  followed  a pattern  of  severe  abrasive  wear  of  the 
cac  ring  with  coderate  to  severe  vans  wear.  This  severe  piap  wear  was 
acccQpanied  by  the  appearance  of  colloidal  cetal  (steel)  particles  in 
\he  test  fluid.  In  low  i^j^ratux^  p^p  hins,  it  is  possible  to  weigh 
ti*e  cac  Xing  and  valve  plate  on  an  analytical  balance  with  good  results. 

In  the  high  teeperatux^  runs  vdth  the  power  steering  pixap,  weight  changes 
of  i.he  can  rixig  and  valve  plate  are  confused  by  the  extraneous  effects 
ol  leant  charr**n2  on  the  outside  surface  of  the  cac  ring  and/or  the 
d'spjsition  of  kludge  *.»r  tenacious  charred  deposits  on  tte  outside  of 
tue  cam  ring  oue  to  body  seal  leakage.  The  valve  plate  is  also  subject 
to  slxidge  deposits  or  coatings  during  the  test.  Thus,  coderate  to  high 
vane  wear  C>1  eg.  wear  per  vane)  accoepanied  by  the  fon^tion  of  colloidal 
cetal  in  the  test  fluid  is  considered  severe  or  excessive  wear.  Moderate 
vane  wear  (l  to  5 wear  per  vane)  without  colloidal  cetal  foimation  in 
the  test  fluid  is  c^sidered  a tolerable  wear  level.  Wear  is  considered 
to  be  low  if  the  average  vane  wear  is  less  than  1 eg.  in  this  staiidfird 
test,  and  if  no  colloidal  cetal  is  noted  in  the  test  fluid. 
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Test  19  was  conducted  to  determine  the  effect  of  tricre^l 
pnosphate  as  an  anti->wear  additive  on  a . phenothiazine-inhibited  di*2- 
cthylhcogrl  sebacate  fliiid.  The  test  fluid  for  test  19  is  the  case  as 
that  for  test  29  except  that  r.o  tricre^l  phosphate  anti-wear  additi'.^  - 
was  used  in  the  foister.  Test  19>  ‘is  indicated  in  Table  was  con- 
ducted with  new  vanes,  cac  ving,  and  rotor*  The  test  proceeded  satis- 
factorily for  the  four  hour  test  period  at  50C*F.  puop  teaperature  and 
525*F«  saxicus  fluid  tcspcraturc.  The  initial  voliaetric  efficient 
was  superior  to  that  of  the  sioilar  test  (29)  with  tricre^l  phosphate. 
The  drop  in  volvnetric  efficiency  of  about  20  per  cent  during  the  test 
is  abcut  the  sace  as  that  noted  for  test  29*  Moderate  vane  wear  but  no 
evidence  of  colloidal  cetal  in  the  test  fluid  was  noted.  Cn  the  basis 
of  wear,  it  is  apparent  that  tricre^l  phosphate  at  1.0  weight  per  cent 
concentration  is  an  effective  anti-wear  additive  in  di-2-etbylhe:^l 
sebacate  at  500*F. 

Test  21  has  been  conducted  with  Kercoflex  600  as  the  test 
fluid  containing  1.0  weight  per  cent  tricresyl  phosphate  and  0.5 
weight  per  cent  phenothiazine.  As  pointed  out  previously  in  this 
section,  interest  in  Kercoflex  600  (pentaerythritol  type  ester)  steas 
free  its  ieproved  thexcal  stability  compared  with  the  dibasic  acid  esters 
evaluated.  For  test  21,  the  major  wearing  parts  of  the  pump  were  renewed 
as  indicated  in  Table  23*  'Hie  viscosity  of  the  Kercoflex  600  fluid  at 
500*F.  is  the  same  as  that  of  the  two  «i-2-ethylhe:^l  sebacate  fluids. 

The  standard  test  was  conducted  for  foiu*  hours  at  500*F.  cusp  t^pera- 
ture  and  5A0*P.  naxinum  fluid  temperature  without  difficulty.  The 
volumetric  efficiency  is  the  same  as  for  test  29  with  the  di-2-cthyl- 
hexyl  sebacate  test  fluid  containing  tricresyl  phosphate.  It  is 
interesting  to  note -that  a moderate  amount  of  wear  (2.3  zsg.  average 
wear  per  vane)  was  noted  in  test  21 . This  amount  of  wear  resembles 
that  obtained  in  test  19  with  di-2-ethylhe:^l  sebacate  without  tri- 
cresyl phosi^te.  It  has  been  pointed  out  in  previous  reports  that 
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riercoilex  600  shows  relatively  poor  tricre^yl  phosphate  susceptibility 
as  ceasured  by  the  Shell  fovir-ball  wear  tester.  Hercoilex  600  contain- 
ing 1.0  weight  per  cent  tricre^l  phosphate  gives  essentially  the  saio; 
lubricity  values  in  tne  Shell  four^ball  wear  tester  as  di-2-etl5rlhexyl 
sebacate  witnout  an  anti-wear  anditive.  in  general,  the  can  ring  surface 
exnibits  n»re  surface  roughness  an  the  case  of  the  Hewoflex  600  fluid 
(tesx  21)  than  for  the  equivalent  di-2-®*byihexyl  sebacate  fluid  (test 
29).  Vhese  surface  roughness  data  are  shown  in  Figure  17. 

lest  20  IS  a oOO'i-.  aaxantra  fluid  temperature,  570*P.  pvnp 
temperatme  test  with  a xaineral  oil  composition.  This  coaposition  con- 
sists ci  7Z‘^  weight  oer  cent  Kecten  45  highly  refined  naphthenic 
mineral  3.0  w— ’^ht  per  cent  Polybutene  B-i2,  1.0  per  -ent 

t/rlcrs$rl  phospnatc,  c...d  0.2  iveight  per  cent  pnenyl  alplia  napnchylaoine. . 
The  Folybutene  Evl2  taickener  has  been  used  m ar.  attempt  to  maintain  a 
reasonable  level  of  viscosity  at  the  570*F.  pump  temperature.  The 
initial  extrapolated  viscosity  at  the  570*F.  test  temperature  is  1.7 
centistokes.  Approximately  30  per  cent  viscosity  decrease  in  the  100*F. 
viscosity  val^e  was  noted  during  the  cciirse  of  the  pmp  test  due  to  thermal 
and  shear  effects.  The  magnitude  cf  the  viscosity  decrease  at  570‘*F.  is 
estimatod  to  be  about  the  ssxe  as  that  at  100*F.  That  is,  the  estimated 
final  viscosity  in  this  ptiap  test  is  1 2 centistokes  at  5?0*F.  Test  20 
ran  witrout  difficulty  for  four  hours  at  570*F.  pisp  teiq>erat\ure  and  600®F. 
maxima  fluid  teaperature.  The  parts  for  this  test  had  previously  been 
used  in  the  four  hour  test  19  at  500*F.  piap  temperature  with  di-2-ctlyl- 
hexyl  sebacate  test  fluid.  The  volumetric  efficiency  decreases  about  30 
per  cent  during  this  test.  This  valt2$  is  somewhat  larger  tr4an  previously 
noted  for  the  ester  fluids.  The  loss  in  volxaetric  efficiency  does  not 
appear  to  be  unusually  high  in  view  of  the  50  ptx-  cent  loss  in  viscosity 
of  the  test  flvld  in  this  run*  Moderate  vane  ^esr  was  noted* 


The  overall  behavior  cf  the  mineral  oil  and  pxap  at  570®F. 
pmp  temperature  compares  favorably  with  the  behavior  of  this  same 
cempesition  in  the  standard  four  hour  test  at  500*F.  pmp  ten.pen.turc 
discussed  previously. 

It  has  been  noted  previously  that  tricresyl  phosphate  is  not 
as  effective  in  reducing  wear  in  a mineral  oil  fluid  at  500*F.  as  it  is 
in  di-3-eLhylhexyl  sebacate.  There  was  no  indication  of  colloidal 
x&stal  formaticn  ii;  the  test  flxiid.  Surface  roughness  of  the  cam  ring 
and  valve  plate,  as  shown  on  Figure  13.  appears  to  be  of  the  sane  order 
of  nagr.ltude  in  tests  20  and  29.  In  the  case  of  the  di-2-et)^lnexyl 
sebacate  fluid  containing  tricre^l  phosphate  (test  29),  the  increase 
surface  roughness  occurs  without  indication  of  significant  wear. 

The  same  Increase  In  surface  roughness  to  tb  the  mineral  oil  fluid  in 
test  20  shows  indication  of  Dsderate  vane  wear. 


Test  26  has  been  conducted  witb  Ucon  LB-170X  nder  the 
standard  test  conditions.  New  puap  parts  installed  prl..r  to  test  26 
inclxxle:  body  seal  "0"  rk..gs,  shaft  seal,  cam  ring,  vanes,  rotor, 
valve  plate,  and  p«ap  body.  Vane  wear  in  this  test  is  very  low.  In 
addition,  the  surface  roughness  of  the  cam  ring  and  valve  plate 
following  the  test  arc  essentially  the  same  as  that  of  the  new  parts 
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(co’spare  Figures  15  and  19).  “nils  lack  of  >iear  or  «5urface  roughening  :s 
also  indicated  by  Lhe  good  initial  voluaetric  efficiency  and  saall  change 
in  Yolirsetric  efficiency  througnout  the  test.  The  500®?.  pu  > teapera- 
ture  and  550*F.  caxisiEC  nesperature  are  in  the  range  at  vhich 

incipient  tnerraal  deterioration  of  Uc<xi  LB-170X  to  volatile  products 
is  noted.  Ucon  LB-iVOX  has  about  the  sane  effect  on  the  rul^er  seals 
in  the  pusp  as  the  aineral  oils  evaluated.  In  both  cases,  the  ruboer 
b^'coaes  very  hard  and  brittle  during  the  test.  The  ester  fltiids  on 
th»  ether  hand  leave  the  rubber  seals  in  a pliable  and  iiexible,  but 
not  particularly  elastic,  cenditio;.  after  the  itindard  500®F.  pvtcp  tesc. 

A fluid  prepared  in  accordance  vith  the  HACA  Si>-17  foroulation 
has  seer  eval-^^-vid  in  test  16.  This  fluid  has  been  fo-ta'-lated  to  contain 
66. > weight  pcjT  c-nt  Dow  Coming  Silicone  Type  5X0  (100  cs.  viscosity- 
level  at  77*F.),  33  weight  per  cent  di-2-cthy2iiaqrl  sebacate  and  0.5 
weight  per  cent  pbenothlasine.  The  standard  vamup  procedure  was  being 
followed  in  this  test.  That  is,  a pressure  of  400  p.s.i.  was  used  during 
the  wansup.  At  a pisp  teaperature  of  450^F.  the  pressure  was  increased 
to  700  p.s.i.  In  less  than  15  ninutes  of  operation  under  the  700  p.s.i. 
pressure,  colloidal  nelal  appeared  in  the  test  fluid.  During  the  1.5 
hour  test  at  5CO*F.  puap  toisperature,  th<.  flow  rate  fell  froa  2.8  to  1.0 
g.p.a.  The  test  was  teroinated  at  this  point.  The  pxop  was  olsasseabled 
and  exaained.  Tne  vanes  show  an  excessive  weight  loss  of  20.4  ng.  per 
vane.  Tne  caa  rir.g  and  valve  plate  were  badly  scored  and  eroded.  The 
critical  wear  a:-eas  cn  the  caa  ring  shoved  evidence  of  erosion  to  the 
extent  of  1/32-inch  increase  in  can  ring  radius.  The  valve  plate  showed 
deep  goug.s  i.nt<*  the  bearing  surface  between  the  inlet  and  outlet  parts. 

In  general,  the  severe  valve  plate  wear  Aight  be  considered  secondary 
dairage.  xnis  dacage  ««oula  result  fron  the  rubbing  of  the  sides  of  the 
vane  against  the  valve  plate  or  the  presence  of  an  abrasive  such  as 
colloidal  oetal  particles^  which  in  tvan  w'ould  act  as  a grinding  cco- 
pound  between  the  edge  of  the  vanes  and  the  valve  plate.  It  ^ould  be 
noted  tnat  the  SD-17  co^wsition  has  an  extrapolated  viscosity  at  500*F. 
of  3-4  centistokes.  This  is  hlghei  a factor  cf  4 than  the  viscosity 
of  the  esters  >d»ich  gave  satisracto::y  pirn  bahs-vicr. 

An  attespt  was  aade  to  rule  out  tne  quality  of  the  pusp  parts 
in  this  pvsp  failure.  The  sase  parts  froa  test  16  were  reasseabled  and 
tested  (test  17)  at  500*F.  for  four  hours  at  a pressure  of  350  p.s.i. 
with  di-2*'ethyihe:yl  sebacate  containing  X.C  weight  per  cerit  tricrc^l 
phosphate  and  0.5  weight  per  cent  phenothlazinc.  IWortunwlely,  350 
p.s.i.  was  the  aaxin\p  pressure  that  could  be  generated  with  ^he  orifice 
loading  devic-  a:.d  the  relatively  low  flow  rate.  Under  these  coiwiitions, 
the  pmp  ran  satisfactorily  without  the  foxaation  of  colloidal  setal  in 
the  ester  test  fluid.  Followiz^  test  17  the  pi&p  parts  were  again 
exanined.  The  average  vane  weight  loss  was  1.0  eg.  and  the  vane  ed^s 
and  cas  ring  surface  appeared  to  have  a polish  on  the  high  spots  of  the 
gouges  incurred  in  test  16.  The  valve  plate  appeared  essentially 
unchanged.  It  was  apparent  that  the  cajor  cause  of  the  poor  volxscetric 
efficiency  was  due  to  the  excessive  gouging  of  tne  valve  plate  in  test  16. 

The  vanes  and  caa  ring  froa  tests  16  and  17  were  reasseabled 
with  a new  valve  plate.  Test  18  was  conducted  with  these  parts  and  the 
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sasc  ester  ccoposition  used  in  test  17.  This  test  was  conducted  to  show 
the  effect  of  these  vanes  and  caa  ring  with  the  ester  at  a higher  pressiire. 
At  500®F.  with  these  parts,  a steady  state  cculd  be  icaintained  at  a pres- 
sure of  650  p.s.i.  (^ration  for  0.5  hours  uruier  these  conditions  gave 
no  signs  of  reduced  vol*setric  efficiency  or  colloidal  netal  formation. 

The  test  was  teminated  at  this  point  and  the  parts  re-exaained.  The  can 
ring  aixi  vanes  gave  evidence  of  further  polishing.  The  average  vane  wear 
of  1.3  iig.  is  considered  low  for  the  very  rough  eating  surfaces  involved. 
The  'clvc  plate  Installed  for  test  18  showed  no  signs  of  wear  or 
cutting.  Tests  17  and  18  have  been  interpreted  to  show  thac  the  pu&p 
p2»*^.s  f'^r  test  16  were  of  satisfactoiy  quality.  The  evidence  of  iubri- 
caticn  failure  33  be'*icved  to  be  <ittriUitable  to  the  lubricity  properties 
of  the  ;w  i?  formula. Ion. 

The  surface  roughness  of  the  caa  ring  free  tests  I6,  17  ar.d  18 
and  the  valve  plate  frea  tests  16  and  17  arc  shown  on  Figures  20  and  21, 
respectively,  it  should  be  emphasized  that  for  the  caa  ring,  the  surface 
roughness  shown  on  Figure  20  is  sooe^diat  inproved  over  the  surface  rou^i- 
xiess  obtained  frea  test  I6  alone.  The  surface  as  shown  is  considerably 
reuser  than  the  surfaces  fomed  froo  ainerai  oil  and  ester  tests.  It 
can  be  seen  that  the  gouges  arc  not  on^  deeper  but  much  wider.  In  the 
case  of  Uw  valve  plate,  the  aajor  wenr  resulted  in  a trough  3/8  inches 
wide  and  1500  nicro  inches  deep  as  shown  on  Figure  21. 

Test  22  shows  the  results  of  a 500*F.  pump  test  with  silicate 
composition  O.S.  45  obtained  fren  Monsanto  Cheaical  Cccapany.  The  warn  \xp 
period  at  400  p.s.i.  was  satisfactory.  >&ien  the  teaperature  reached 
400*F.,  the  pressure  was  increased  to  7CO  p.s.i.  bxit  steady  operation 
at  700  p.s.i.  could  not  be  maintained.  The  wars  X4)  period  was  then 
continued  at  500  p.s.i.  At  5C0*F.  the  pressure  was  again  increased 
to  700  p.s.i.  Colloidal  aetal  in  the  reservoir  was  noted  aloost 
isoediately.  The  flow  late  began  to  decrease  freo  1.8  to  1.2  g.p.m. 
and  the  pressure  could  no  longer  be  maintained  at  700  p.s.i.  due  to  the 
reduced  flow  rate.  The  test  was  temicated  after  0.5  hours  at  500*F. 

The  parts  were  disassembled  and  exaiained.  An  average  vane  wear  of  1.3 
tag.  was  measured.  The  cas  ring  axxd  valve  plate,  however,  showed  signs 
of  relatively  severe  gouging. 

Again  as  a check  on  the  quality  of  the  parts,  test  23 
with  the  parts  from  test  22  and  a phenothiazine-inhibited  di-2-etlylhe3gri 
sebacate  fluid  containing  1,0  weight  per  cent  tricrc^l  pho^bate. 

Between  tests  22  and  23  the  {wap  astern  was  flushed  with  di-2-ethylhexyl 
sebacate  at  a low  pressure.  The  colloidal  aetal  was  collected  in  a 5 
micron  porosity  micionic  line  type  Purolator  filter.  Test  23,  with  the 
worn  parts  from  test  22,  gave  a flow  raie  at  7CC  p.s.i.  of  2.0  g.p.m. 

This  value  cempares  with  a flow  rate  of  1.2  g.p.a.  at  a pressure  of  less 
than  700  p.s.i.  in  test  22.  It  is  Interesting  to  note  that  both  cf 
these  test  fluids  csdiibit  abuut  the  saae  viscosity  level  at  500*F. 

As  noted  in  previous  runs,  the  discrepancy  in  volumetric 
efficiency  may  be  attributable  to  the  character  of  the  wear  or  surface 
eating  with  the.  various  fluids.  In  test  23,  the  run  was  continued  at 
500*F.  for  1.5  hours  without  difficulty.  Tte  test  was  terminated  and  the 
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parts  exaainec.  rnare  were  signs  of  polishing  on  the  high  spots  of  ti  .* 
goxiged  surfaces  free  test  22.  ihe  vane  weight  loss  of  0.2  ssg.  is  very 
low.  The  saae  wearing  p^rts  were  reassembled  and  O.S,  45  silicate  fluid 
recharged  to  the  systea.  At  a tesaperature  of  500*F.,  steady  conditions 
could  not  be  aaintained  at  a pressure  anove  oOO  p.s.i.  ATler  1 hour  run- 
ning at  500*F.,  the  pressxa*e  had  fallen  to  400  p.s.i.  and  the  flow  rate 
dropped  t-o  l.C  g.p.a.  Pusp  oj^eration  became  rough  «nd  the  test  was 
teminated  because  of  excessive  shaft  seal  leakage.  The  ptep  vas  dis- 
a'5seabled  €ir.d  exacined.  Both  ball  bearings  failed  in  this  cest.  The 
ca^  r^ig  and  valve  plate  showed  signs  of  scoring.  The  vane  weight  loss 
was  1.3  rag.  The  surface  rctightwss  of  the  c;ea  ring  and  valve  plate  frea 
tests  22,  23  and  24  are  shown  on  Figtire  22.  It  is  apparent  froa  tnis 
ri^'i  e that  the  scoring  is  auoh  deeper  and  wider  than  that  in  cerre- 
s»p.-riir.5  uiTtdr^'  oil  and  ester  runs  where  the  saae  ojTiIcI  of  E:.igr:i*ude 
vane  wear  is  ..oted. 

A second  silicate  fomulation  (MLO  B200)  prepared  by  the  Oronite 
Cheaical  ^-xapany  was  evaluated  in  test  25*  As  indicated  in  Table  23, 
an  entirely  new  ptap  was  used  for  test  25*  Ihe  pxap  test  stand  was  cod- 
pletely  flushed  with  aineral  oil  using  a 5 aicron  P^olator  filter  to 
reaove  all  solid  foreign  oatter.  The  vara  up  of  test  25  was  conducted 
at  400  p.s.i.  as  usx^al.  In  this  case,  howler,  400  p.s.i.  %:as  severe 
enough  t/o  cause  the  foraation  of  colloidal  aetal  particles  ir.  the  oil 
by  the  time  the  test  teaperature  reached  450*F.  At  this  point,  the 
pressure  was  increased  to  700  p.s.i.  Steady  operation  could  not  be 
aaintained  under  these  conations  and  the  pressure  dropped  steadily  to 
500  p.s.i.  in  a 15  ainutc  interval.  The  flow  rate  fel}  free  1.6  to  1.0 
g.p.a.  during  this  tiee.  The  test  was  texainated  at  this  point  without 
reaching  5C0*F,  The  can  ring  and  valve  plate  showed  severe  scoring. 

The  average  vane  wear  was  4*0  ng.  The  surface  roughness  aeasureaents, 
as  shown  on  Figure  indicate  scoring  of  the  saiae  degree  of  severity 
as  on  test  22  with  O.S;  45  silicate  fluid. 

It  should  be  noted  that  HIO  8200  has  an  extrapolated  vis- 
cosity at  500*F.  of  2.6  c^tistokes  which  is  about  3 tines  the  viscosity 
of  0.5.  45  silicate  fluid,  the  dibasic  acid  ester,  and  Hereof  lex  600 
evaluated. 


Aroclor  1248  was  used  as  the  test  fluid  for  test  27,  The  warn 
up  run  proceeded  without  difficulty.  The  pressure  was  increased  to 
700  p.s.i.  at  a teaperature  of  500»F.  Operation  under  these  conditions 
appeared  to  be  satisfactory-  After  about  15  minutes  operation  at  500*F. 
and  700  p.s.i.,  shaft  seal  leakage  became  excessive  and  the  unit  was  shot 
down.  The  rubber  seals  froa  this  test  were  all  badly  snoHen  and 
softened  during  the  test.  It  is  apparent  free  the  seal  conditions  that 
satisfactory  operation  with  Aroclor  will  require  seals  with  better  resist- 
ance to  swell  and  deterioration  with  this  type  of  fluid. 

It  is  interesting  to  note  that  the  flow  rate  at  500*F.  and 
700  p.s.i.  was  higher  for  the  Aroclor  1248  than  for  any  of  the  other 
fluids  evaluated.  Aroclor  exhibits  a viscosity  of  only  0.6  centistoke 
at  500*F.  The  centistoke  viscosity  ccoparison  «aay  be  somewhat  mis- 
leading in  this  case  because  of  the  relatively  high  density  of  the 
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Aroclor  12«8  (3.i*  at  with  *h-»  ester*  flxiid  (0.92  at 

1C0®F.),  Flow  behavior  in  a pvsap  system  such  as  this  is  related  to 
the  centipoise  viscosity  rather  tnan  the  centistoke  viscosity.  The 
centipoise  viscosity  of  Aroclor  12h8  at  500*F.  is  about  0.85  compared 
with  a value  of  about  0.75  for  the  two  ester  fluids.  Thus,  it  appears 
unat  the  flow  rate  can  not  be  satisfactorily  explained  on  the  basis  of 
viscosity  difference.  The  differences  in  flow  rate  siay  be  e;q>lained 
by  the  differeiices  in  lubricity.  Aroclor  12UB,  iinder  saae  test  condi- 
tions it'  the  four-ball  wear  and  S.P.  testers,  shows  evidence  of  extreme- 
activity.  Chemical  erosion  of  the  type 'noted  with  S.P. 
additives  may  keep  the  piap  parts  well  iiated  and  result  in  improved  flow 
-?+<»  <*or  a given  viacosity.  The  vane  loss  of  1.5  mg,  is  indicative  of 
moderate  . Hcoi.-tc  wear  is  normally  indicated  by  exf -pressure 
additives  xn  tlie  four-».all  wear  tester. 

The  flow  rate  is  measured  as  a pressure  drop  across  the  orifice 
in  the  high  tesperature  pump  test  stand.  As  a further  check  on  the 
validity  of  the  flow  rate  measuresenu  in  test  27,  test  28  was  conducted 
with  the  same  piap  parts  using  a phenothiazine-inhlbited  di-2-ethylhex7l 
sebacate  fluid  containing  1.0  weight  per  cent  tricre^l  phosphate.  The 
f^tem  was  flushed  with  an  e<*ter  fluid  between  teste  27  and  28.  Test 
was  conducted  as  a standard  test.  The  initial  flow  rate  of  2.7  g.p.m.  is 
typical  for  this  test  flxiid  under  the  indicated  conditions.  A vane  loss 
of  A.O  mg.  is  noted  in  test  28  accespanied  by  a 5C  per  cent  loss  in  vol'i- 
metilc  efficiency  during  the  test.  These  values  are  luiusually  high  for 
the  di-2-ethyihe;grl  sebacate  test  fluid.  It  is  believed  that  this  high 
wear  may  have  been  influenced  by  the  conditioning  of  the  wearing  parts 
by  the  Aroclor  1248  test  fluid  in  the  previous  test. 

7.  Efffexrt  of  Kieh  Temperature  Pump  Test  on  Fluid  Properties. 

AS  indicated  previously,  the  high  tes&crature  pusp  test  stand  utilized 
in  these  stupes  is  not  a sealed  unit.  The  reservoir  is  vented  to  the 
atsosf^ere.  Thus,  fluid  deterioration  may  be  more  severe  in  this  test 
system  than  in  a sealed  hydraulic  systtfi  of  tlie  type  used  in  actual 
aircraft  under  the  same  temperature  conditions.  The  fr-uid  deterioration 
data  for  the  series  of  tests  discussed  in  Table  22  are  shown  in  Table  24. 
These  data  indicate,. in  all  cases,  relatively  ai»>or  Puid  property  changes. 
The  large  viscosity  decrease  noted  in  test  ^ at  600*f.  is  due  to  theimal 
effects  on  the  Polybutenc  B-12  poljmer.  In  general,  all  of  the  fluids 
evaluated  show  adequate  stability  properties  in  this  series  of  piap  tests. 

F.  r.Z?0RT  PRI.  6.VDec53  EUTITLSD  SCH£  PHOPEBTIES  OF  SPEC. 
M1I/-0-56(;6  HriaAoUC  Fl.mn  at  a^VAlSP  TS5SP>.TbHES.  The  Itfright  Air 
Developcent  Center  requested  that  this  Laboratory  evaluate  the  properties 
of  Spec.  MlL-O-5606  hydraulic  fluid  at  elevated  temperatures.  Spec, 
MI1/'6-5606  hydraiilic  fluid  has  been  used  over  the  past  10  years  as  the 
aircraft  h^ra’ulic  fluid  ^ the  U.S.  Air  Fcrcc  and  the  British  and 
Canadian  Air  Forces.  Indications  are  that  Spec.  MIL-0- 5606  hydrocarbon- 
base  hydraulic  fluids  hive  perfonaed  satisfactorily  in  a vide  variety 
of  uses  over  this  period.  The  bulk  of  the  data  on  the  behavior  of  this 
h^raulic  fluid  has  been  obtained  frea  use  in  conventional  Vbrld  i^r  II 
piston  engine  aircraft. 
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Table  23 

HaPLAOEHEOT  IN  THE  HIGH  TEMPERATURE  PUMP  TEST  STAND 
PARIS  RCRLACCa  FOLIOVINO  THE  TEST  IRSICATE9 


DISTMCE  TRAVEU5D  id  SWIFACB  ANALYZER  IN  lA^  INCH  INCHBMENTS 


4 


DtSTi'NOB  TRATOLED  K SURFACE  AHAUZER  IN  1/16  INCH  INCREMENTS 


IHSTANCE  TRAVELED  K SURFACE  ANALYZER  IN  i/l6  INCH  INCRBWENTS 


DISTAHCB  traveled  BY  SUWACE  ANALYZER  IN  1/.1.6  INCH  INCRiMEN.S 


Current  developments  in  aircraft  place  eaphasis  on  higher  speeds 
and,  therefore,  nigher  asbient  t^peraturcs  *bich  rejult  in  higher  hydraulic 
sy^tea  teaperatures.  Tiw  hydraulic  systea  te25>erature  pr>oblea  is  intensi- 
fied in  scQe  cases  by  the  proxiimity  of  hydraulic  linos  to  the  combustion 
chaaber  arui  to  the  exnausi»  of  x,urblx-e  engines.  With  current  emphasis  on 
higher  hydraulic  system  temperatures,  a study  of  seme  of  the  practical 
limitations,  temperature-wise,  of  Spec.  MIL-0- 56O6  hydraulic  ^uid  is  of 
particular  interes-.  M<»ny  of  the  data  pertinent  to  a high  te:qp>erature 
stucy  of  Spec.  MiL-0-5606  hydraulic  fluid  had  been  obtained  and  discussed 
in  reports  on  contracts  prio'  to  Contract  AF33(03o)lSX93.  Ihese  data 
along  with  current  data  are  p.-esented  in  this  report. 

Repcic  ?RL  6.3- -22053  is  included  a?  Arperdi'*^  .»  -if  this  report. 
Copj^a  of  FRL  6.j-'«c53  were  distributed  to  the  Air  Frame  Manufacturers, 

Havy  Bureau  of  Aeronautics,  and  Anay  Air  Force  at  a Kavy-Air  Force-Iirdustry 
Conference  on  High  T^iperaturc  Hydraiilic  Systems  and  Fluids  held  in  the 
Kavy  Building,  Washington  25,  2.  C.  on  January  26  and  27. 

G.  CC^CLUSIOHS.  A group  of  firrished  compositions  and  base 
scocKs  have  been  obtained  for  evaluation  as  high  temperature  hydraulic 
fluids.  Ihis  group  of  materials  were  chosen  as  good  current  coaaercial 
ex3mples  of  ten  chemical  classes.  Evaluation  01  these  materials  will 
be  placed  on  a quantitative  basis  wherever  possible. 

A suitable  apparatus  and  test  procedure  has  been  employed  for 
the  measurement  of  viscosities  in  the  300*  to  700*F.  range,  Kest  of  the 
measured  viscosities  at  500®F,  and  essentially  all  the  700*F.  viscosity 
values  fall  below  the  predicted  viscosity  based  on  the  ASIH  viscosity- 
temperature  Chart.  Maximum  deviations  froirk  the  chart  are  ^own  by  the 
silicones.  This  meaits  that  the  effective  Ai^iM  slope  or  V.l.  is  poorer 
tnan  predicted,  thus  requiring  nigber  viscosities  at  low  temperatures 
than  predicted  to  give  the  desired  viscosity  level  at  700*F.  Very 
few  of  the  materials  evaliiatcd  give  constant  viscosity  values  at  700*F. 

The  general  trend  of  these  viscosity  values  with  time  is  a decrease  over 
the  30  minute  test  interval.  These  changes  are  believed  to  be  indicative 
of  incipient  chercal  instability.  Changes  of  a similar  nature  can  be 
observed  in  the  theimai  stability  tests. 

Thermal  stability  tests  have  been  conducted  in  glass  and  stain- 
less steel  CQuipiaent  over  the  temperature  range  of  500®  to  750*F.  The 
temperatxire  limitations  of  thermal  stability  can  be  sumarlzed  as 
follows: 

1.  Good  thermal  stability  at  TOO*  to  750*?.,  Aroclor  12A8. 

2.  Good  thermal  stability  at  700*F.,  methylphenyl  silicone, 

G.  S.  Silicone  No.  dlA06,  and  naphthenic  mineral 
oils. 

3.  Good  therral  stability  at  6C0*  to  700*F.,  Hercoflex  600 

and  silicate  esters  (mixed  C^-Cg  silicate  and  tetra- 
2-cthylhe3yl  silicate). 

4.  Good  thermal  stability  at  500®  to  600*F.,  di-2-cthylhta5rl 

sebacate,  tricrcsyl  phosphate,  Ucon  Jubricant  Lb-170X, 
O.S.  45  (silicate-base  fluid),  HLO  8200  (silicate- 
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base  fluid),  Indcpol  (a  low  laolecular  weight  ?ol>- 
DUtene',  SD-17  (a  silicone-di-2-fcthi'.*jiexyi  S'='bacate 
blend),  Alkazene  tiZ  (ethyidibrcaober.^ene),  ajxi  Fluoro- 
luhe-FS  (a  trifluorcaionochloroe+Jylene  oolyner), 

Themal  stability  daxa.  at  500*  and  700*?.  indicate  chat  volatile 
decoaposition  products  are  furried  w.  soae  extent  by  essentially  all  of  the 
fluids  evaluated  in  this  tenperature  range.  These  data  indicate  that 
precautiens  for  inflaarability  in  hydraulic  ^'sten  design  say  have  to  be 
based  on  \he  volatile  dscosposition  products  rather  than  the  initial 
inflassabiiity  properties  of  the  fltdd. 

iNs^ininarv  ♦hersial  stability  studies  with  a po)yecter  contain- 
ing all  alcois-l  type  ester  linkages  indicate  a viscosity  and 

ciieaical  ^^.ability  equi'.  >lent  to  di-2-ethylhe^l  sebacate.  The  viscosity 
stability  of  this  polyester  is  superior  to  that  of  Acryloid-H?  or  Polybutene 
poljneric  thickeners.  The  thermal  stability  of  viscous  resins  obtained 
frea  Pennsylvania  crude  oil  appears  to  be  good  at  500®F* 

The  presence  of  tricre^yl  ];^sphate  as  an  additive  in  esters 
appears  to  have  sne  adverse  effect  on  thenaal  stability  properties.  A 
similar  trend  toward  decreased  themal  stability  is  noted  for  esters  in 
the  presence  of  steel. 

The  oxidation  and  corrosion  characteristics  of  the  fluids 
eva''”«t^d  at  500*F,  with  a low  air  rate  (0.6  liters  per  hoiar)  arc  satis- 
factory, in  general.  Dirtiness  or  sludge  fonsation  is  probably  the  raost 
cricical  itea.  The  51^17  coapositlon  shows  excessive  sludge  fomation. 
Tricresyl  phosphate  also  shows  a large  ascunt  of  sludge  fonsation. 
Kethylohenyl  silicone  and  Aroclor  lijs  show  no  ^udge  foraaticn.  All  of 
the  reaaining  fl’jids  show  a trace  ( 0.1  weight  per  cent)  of  sludge  or 
dirt.  A trace  of  dirtiness  aay,  however,  cause  scae  difficulty  in  filter 
plugging  and  deposits  in  close  fitting  parts.  These  parts  aay  have  to 
be  designed  to  function  in  the  presence  of  trace  dirtiness. 

Trace  dirtiness  in  ester  oxidation  aay  be  caused  by  phenothlazine 
oxidation  inhibitor.  Increasing  concentrations  of  phenothlazine  laprove 
the  stable  life  of  esters  in  347 ’F.  oxidation  and  corrosion  tests  and 
reduce  oxidation  rate  in  50C*F,  tests.  In  all  cases  evaluated  in  the 
range  of  incipient  oxidation  at  347*?.  or  500*?.,  uninhibited  di-2-etlyl- 
hexyl  sebacate  appears  to  be  cleaner  on  oxidation  than  a pbenothiazine- 
inhibited  di-2-ethylheyyl  sebacate.  The  area  of  incipient  oxidation 
appears  to  be  the  significant  oxidation  range  for  fluids  used  in  sealed 
hj^lraulic  systess. 

All  of  the  ester  fluids  containing  tricrc^l  phosphate  show 
increases  sludging  tendencies  when  evaluated  in  500*?.  accelerated  oxida- 
tion and  corrosion  tests.  The  oagnltude  of  sludge  foroaticn  of  an  ester 
fluid  due  to  the  presence  of  one  weight  per  cent  tricre^l  phosphate  is 
considerably  larger  than  the  dirtiness  tendencies  froa  0.5  weight  per 
cent  phenothlazine. 
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No  appreciable  increase  in  slide  valve  friction  is  noted  when 
the  slide  vedve  is  operated  m a pheaoUiiazine-inhibited  di-2-et!ylnexyl 
sebacate  flxud  under: 
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1.  'Iherraal  stability  test  conditions  using  a nitrogen 
blanket  at  500*F. 

2.  Spec.  Kllr*b-?808  oxidation  and  corrosion  test  con-  ; 

ditions  within  the  stable  life  of  the  fluid.  * 

Relaiively  severe  oxidation  of  a phenothiazine-inhibited  blend  at  5C0*F.  ^ 

cause.'-  a large  increase  in  slide  valve  friction.  The  increacod  friction  ' 

appears  to  oe  due  to  a hard  lacquer  foisation  on  the  coving  parts.  It  i 

bhou:.!  be  esphssised  that  for  th^s  study  the  slide  valv**  was  exercised  - 

in  s otatie  bat:i  jf  fluid.  No  tests  were  conducted  with  actual  fiiud 
flow  through  the  siide  /aive.  * 

Copper-beryliim  alloy  does  effect  a reduction  in  the  stable 
life  of  a well  irddbited  ester-base  fluid.  In  this  respect,  copper- 
berylliua  is  sicilar  to  pure  copper  but  slightly  less  severe.  Copper^ 
betylliun  alloy  is  soaeiAat  core  stable  to  corrosion  than  pare  copper 
in  cineral  oil  and  ester  ccopositions  with  or  without  ,.hosphoru5-cox>- 
tainlng  extr^e-pressure  lubricant  additives.  It  is  believed,  therefore, 
that  fluids  idiich  are  satisfactory  for  xxse  with  copper  at  a given  set  of 
conditions  will  also  be  satisfactory  with  copper-beiylliua. 

Tne  Vickers  Model  174-100-40-75-10  vane  type  piap  gives  satis- 
factory operation  with  aineral  oils,  esters,  and  polyglycol  ethers  at 
ter^ratures  of  at  least  500*P.  A successful  zaineral  oil  test  at  600*F. 
has  also  been  cade.  This  pxop  has  been  operated  satisfactorily  at  tempera- 
ture levels  of  500*  and  600*?.  with  lubricants  exhibiting  viscosities  in 
the  range  of  0.6  to  3.5  centistok“s  'viscosity  at  the  test  teeperature. 

The  voluaetric  efficiency  of  the  pmp  at  elevated  teaperatures  appears  to 
be  affected  Dore  by  the  lubricity  than  the  viscosity  level  of  the  fluid 
over  the  range  of  viscosities  evaluated  thus  far.  Teaperst'urc  per  se  has 
little  effect  on  the  voluaetric  efficiency  of  this  pxnp.  It  should  be 
emphasized  that  this  Vickers  vane  type  puap  is  essentially  all  steel  with 
no  fixed  clearance  parts  involved  in  the  puzp  cechanisa  to  be  adversely 
affected  fcy”  differential  expansion  problems. 

The  fluidized  solids  bed  type  of  heat  exchanger  affords 
efficient  heating  of  the  oil  in  the  test  cycle  with  a ainicua  of  local 
ovexiieatlng.  Satisfactoxy’  operation  cf  the  flidoized  solids  bea  heat 
exchanger  is  indicated  by  the  equivalent  of  thenal  effects  for  tests 
conducted  at  the  same  measured' bulk  oil  temperature  with  static  therxsal 
stability  tests  under  a nitrogen  atmosphere  in  a glass  test  tube  and 
in  the  PRL  high  temperature  puap  test  stand. 

?iie  standard  rubber  seals  used  in  the  p’orn?  afford  adequate 
sealing  for  the  majority  of  the  fluids  for  one  complete  test.  In 
several  cases,  the  running  seal  functioned  satisfactorily  for  several 
tests.  The  aineral  oil  and  Ucon  LB-170X  cause  the  rubber  to  become  hard, 
and  very  brittle.  The  rubber  seals  from  the  esters  and  silicate  tests  are 
considerably  core  pliable  and  flexible.  The  rubb'r  seals  Irca  the 
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Arcelor  1248  test  are  soft  and  badly  swollen.  is  apparent  fran  the 
rabber  deterioration  encountered  that  further  Arcelor  evaluations  can- 
not be  conducted  in  this  ^cs^  syox-t-  -nless  riooer  seals  of  adequate 
resistance  to  Aroclor  are  obtained. 

The  standard  ball  oearings  used  on  the  ^haft  give  satis- 
factory perfoncance.  The  failures  r^ted  are  probably  due  to  the  elevated 
teaperature  rather  than  any  lubricity  deficiencies. 

The  iwaring  parts  in  the  pusping  sschaniss,  i.e.  the  cam  ring, 
vanes,  rotor,  and  valve  plates  appear  to  oe  sensitive  to  the  lubricity 
oi  ‘’w*  fluid.  Tricnssyl  phosphate  appears  to  be  an  effective 
luoric't?  idd.'ti'e  i.i  reducing  wear  in  the  Vidcerc  vane  parts  at 
500*K.  ihs  nrlcresyi  chosphatc  susceptibility  appeal’s  to  vary  at  500*F 
depending  upon  the  nature  of  the  fluid.  The  same  phenceenon  of  varying 
tricresyl  phosphate  susceptibility  has  been  noted  at  lower  teoperatxires 
in  the  Shdi  four-ball  wear  tester.  For  exasple,  tncresyl  p^sphate  at 
1.0  weight  per  cent  concentration  appears  to  be  more  effective  in  the  di- 
2-ethylhe3cyl  sebacate  than  in  the  mineral  oil  or  Hercoflex  600  at  500*F. 
in  the  vane  pxap.  These  differences  in  lubricity  between  the  mineral  oil 
and  ester  fluids  are  not  readily  apparent  at  low  (100*  to  200*F.)  tempera- 
tures in  the  Shell  four-ball  wear  tester. 

Tne  lubricity  level  at  50O*F.  of  SD-l?  silicone-ester  blend, 

O.S.  45  silicate  cemposition,  and  silicate  fluid  MLO  8200  appears  to  be 
inadequate  for  satisfactory  operation  of  the  VicKers  vane  pumps.  Di-3- 
ethylhe::yl  sebacate,  Uccn  L&>170X,  Aroclor  1243  and  blends  of  1.0  weight 
per  cent  tricresyl  phosphate  in  Kercofxex  600,  a well  refined  mineral  oil, 
and  di-2-ethylhe:yl  sebacate  appear  to  provide  adequate  lubricity  for 
500*F.  pump  operation.  Ucon  L^170X  and  a phenothiazine*inhibited  blend 
of  di-2-ethylhexyi  sebacate  containing  1.0  weight  per  cent  tricre^l 
phosphate  appear  be  the  most  effective  as  anti-wear  lubricants.  Tri- 
crcwl  phosphate  in  a mineral  oil  or  ester  and  diethyl  acid  phosphite 
in  an  ester  function  as  chemical  polishing  agents  saooth  up  the  vane- 
caa  ring  bearing  area  of  a badly  worn  pxsp. 

The  property  changes  noted  with  the  test  fluids  are  encouraging. 
The  maxiiaia  test  fluid  temperature  is  540*F.  in  most  cases.  These  tests 
are  conducted  in  a system  free  to  breath  to  the  atmosj^ere  through  a 
3/h  iiich  vent  line  in  the  reservoir.  There  is  no  evidence  of  excessive 
property  changes  indicative  of  severe  oxidation  from  the  test  fluids  even 
after  24  lours  operation  at  the  maximum  teaperaturc.  Oxidative  effects 
are  of  the  same  order  of  magnitude  as  the  20  hour  oxidation  and  corro- 
sion test  at  5CC*F.  xising  a 0,6  liter  per  hour  air  rate.  The  thermal 
effects  in  this  series  of  tests  were  no  greater  than  those  obtained  in 
static  tests  at  the  same  bulk  oil  te^>erature  in  an  all  glass  system 
under  a nitrogen  atmosphere.  Visual  inspection  of  the  pump  parts  and 
the  fluids  following  the  high  temperature  cests  indicate  ^equate  fluid 
cleanliness.  The  ester  shows  sorno^t  less  dirtiness  than  does  the 
mineral  oil  in  comparable  tests. 

In  view  of  the  increasing  teig>erat\xres  of  hy<ifaulic  systems, 
the  high  t^perature  properties  of  Spec,  KIL-O-56O6  have  been  evaluated. 
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Perhaps  the  most  severe  to  tne  high  temperature  applicationi  cf 

this  fluid  is  fluid  volatility.  The  ease  stock  component  exhibits  a 
normal  boiling  point  of  approximately  fKX)®?.  It  is  estimated  that  Spec. 
Hil-0~^606  fluid  has  sufficient  viscosity  and  lubricity  to  lubricate 
hydraulic  punps  at  400®r,  Iheroai  stability  arid  corrosion  stability  are 
good  up  to  500*F,  Oxidation  stability  is  typical  of  the  mineral  oils 
evaluated  in  this  report,  in  general,  these  studies  show  that  tempera- 
tires  up  to  500*F.  can  be  tolerated  by  Spec.  MIL-0-5606  under  a variety 
of  conditions.  The  formulation  of  specific  limitations  wiH  reqiiire 
tes.ing  in  actual  hydraulic  systems  with  the  individual  iiydraulic  system 
compi'snents. 

H.  Ft»T-jRE  vpRK.  Themal  stability  tests  will  be  continued 
wii..  particulai-  ^c^phasis  on  the  effect  of  me  als  and  adoitives  or.  the 
stab-'''.ity  of  va— .ous  classes  of  materials.  The  development  of  poly- 
aeri  t dekeners  (¥.1.  impitivcrs)  with  improved  theisal  stability  will 
be  Cs...-inued.  These  thennal  stability  tests  will  be  primarily  in  the 
range  of  600*  to 

Oxidation  and  corrosion  tests  at  high  temperatures  will  be 
continued.  Preliminaiy  oxidation  and  corrosion  stipes  will  be  taade  at 
600*F.  Tne  effect  of  additives  and  metals  of  construction  on  property 
changes  noted  for  a aaall  amount  of  (ucygen  assimilated  will  continue  to 
be  the  main  point  of  emphasis  in  this  work. 

Work  with  the  high  temperature  pump  stand  will  be  continued. 
Tests  will  be  conducted  in  the  Vickers  vane  power  steering  pump  at 
lower  temperatures  with  silicate  and  silicone  type  compositions  in  an 
attempt  to  detexmine  if  there  is  a significant  change  in  lubricity  with 
temperature.  Wear  studies  with  the  Shell  foxir-ball  >'eap  tester  will  be 
conducted  with  the  products  of  high  temperature  pump,  oxidation,  and 
thensal  tests  in  an  attempt  to  determine  Aether  these  high  temperature 
tests  result  in  lubricity  changes  tdiich  are  also  apparent  in  conventional 
low  temperature  tests. 

Tests  in  the  Vickers  vane  p\sap  at  teig>eraturcs  of  600*F.  and 
higher  will  be  attempted.  Studies  will  also  be  made  with  some  of  the 
effective  anti-wear  and  S.P.  additives  studied  by  this  Laboratory  in 
hig^i  ten^erature  jet  engine  lubricant  cccpositions. 
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II.  HIGH  TSKPERATORa  Jal  OIL  SriiDISS 


A.  GSI2RAL.  The  desire  for  a jet  engiiie  oil  sidtabXe  for  xise 
at  bulk  oil  teaperatures  of  500*  to  600*F.  haj  been  e:qiressed  fcy  ti'e  per- 
sonnel of  t.ne  Wright  Air  Deveiopcaent  Center  in  recent  discussion  with 
ceabers  of  this  Laboratory.  The  pr^bleas  in  jet  engine  cil  development 
are  sccewhat  nore  severe  in  several  property  requireaents  than  in  the 
case  of  high  tenperature  hydraulic  flxiid  requirements.  In  the  jet  engine 
oil  requirements,  the  -65*?-  tactical  requirement  of  Spec.  MlL-L-7^?  is 
aaintaineO.  In  addition,  oxidation  and  corrosion  reqxdrements  are  more 
severe  .^•''e  current  jet  lubricant  systtms  are  not  readily  sealed,  and 
the  engine  anfi  beariiig  components  contain  more  active  ay?tal-.  than  those 
currentjv  proposed  for  oydraoiic  systems.  Lubricity  I'equireaents  of  a 
jet  engine  oil  are  <*lso  xooro  severe  than  for  a hydraulic  fxula.  The  \ise 
of  engine  oil  to  lubricate  accessory  drives  in  a turbo-jet  and  to  lubri- 
cate the  reduction  gear  box  in  a turbo-prop  is  responsible  for  the  increased 
lubricity  requirements. 

Oxidation  and  corrosion  stability  and  fluid  lubricity  will 
receive  major  emphasis  in  this  study.  Again,  as  in  the  case  of  the 
hydraulic  fluid  studies,  all  oi  the  promising  classes  of  high  tempera- 
ture lubricants  will  be  carefully  surveyed.  It  should  be  emphasised 
that  high  t€a9erat\u:^  stability  will  be  studied  for  fluids  and  chemical 
ccapositions  which  do  not  now  meet  the  low  temperature  fltadity  and 
lubricity  requirements  proposed  for  these  500*  to  600*F.  jet  engine 
oils,  thphasis  will  be  placed  on  the  quantitative  evalxiatlon  of 
stability,  i*e.,  the  uargin  by  which  the  test  fluids  pass  or  fail 
the  various  laboratory  stability  tests.  Fundament^  studies  in  high 
temperature  fluid  stability  during  the  past  tvo  years  at  this  Labora- 
t027  have  indicated  trat  the  quality  iiargin  enjoyed  by  ^thetic  lubri- 
cants over  taineral  oils  decreases  rapidly  with  temperature.  For  exao^e, 
it  has  been  possible  to  show  an  iB;ux>veaent  of  10  to  20  fold  in  oxida- 
tion stability  for  dibasic  acid  est.ers  over  high  quality  mineral  oils 
at  a temperature  of  350*F.  The  same  dibasic  acid  ester  fluid  is  less 
than  twice  as  stable  as  high  quality  mineral  oils  xmder  the  same  test 
conditions  at  500*F.  These  data  point  to  the  need  for  mechanical  and 
design  changes  cf  lubrication  systems  to  go  hand-in-hand  with  high 
temperature  lubricant  developments. 

I.UcRICmc  37UDISS.  Crgano-phosphorus  compounds  have  oeen 
evaluated  as  luoricity  additives  for  synthetic  jet  engine  lubricants. 

This  evaliiation  has  been  discussed  in  reports  PRL  5.4~Sep52  and  PRL  5.S-Sep53. 
These  data  show  that  the  presence  of  an  acid  hydrogen  in  an  organo-phosbhon*s 
compound  increase:*  its  effectiveness  as  a lubrication  additive.  That  is, 
reduced  concentrations  of  the  acid  phosphates  or  phosphites  retain  good 
antx-wear  properties  as  well  as  i^roved  lubricity  cnaracteristics  ir»  the 
extreme-pressure  range. 

Recently,  a series  of  compounds  containing  an  acid  hydrogen 
along  with  other  elements,  such  as  Uilorine  or  siilfur  which  are  present 
in  some  conventional  extreme-pressure  additives,  havr  been  evaluated  as 
lubricity  additives  in  an  ester-base  and  ^ mineral  oil  fluid.  A list  of 
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the  Cwapoundsi  fevalualed,  along  vdth  wear  and  extrece-pressure  valuer 
obtained  for  the  additives  in  the  synthetic  fluid,  aT*e  shcim  in  Table  25- 
The  wear  values  at  1,  10  and  kilogracis  load  weie  obtained  with  the 
Shell  four-ball  wear  tester  at  75*C.  (l67*F.)  with  a test  time  of  one 
hour.  The  seizxare  and  weld  values  were  detemined  with  the  Shell  four- 
ball  extreae-pressure  lubricant  tester  at  rooja  tecsperature  (70®-80*F.) 
with  a test  ♦irse  of  one  oinute.  Tl»  bearing  surfaces  were  steel-on-steei. 


Table  25 


>ExR  AHD  LUmCATIOJJ  VALISS  FOR  &CMS  EXfSRIMSNTAL  GSAR  LUHuCawT& 

7£ST  FLUtO  pm  3379  • ^.O  in.^ACtiaOlO  hF.2$  * 0.5  vr.^  PteiiOTHlAZDC 
!•?  i:-Z-n*YLKXtL  HV-tni. 


AYCRAtt  WEAR  SCAR  APPROX.  LOAD  FOR 


a*#***!*,  m.  incipient  pcrnaicxt 

AsciTiv:  :s  rm  3370  coxt.,  1 10  ao  scizl'K,  veloins, 

TEST  PLUIO  yr.^  AS.  t6.  IS. U.  AS. 


NOK 

- 

0.37 

0.64 

0.91 

50 

120 

KERCAPTOACCTIC  ACtO 

1.0 

0.20 

0.30 

0.& 

i6q 

240 

0.5 

0.19 

0.26 

0.54 

140 

220 

MfRCAPIOSCNZOIC  AGIO 

t.o 

0.22 

0.33 

0.44 

too 

IS3 

HEtWIOSOKIt-C  ICiaCI 

0.5 

0.20 

0.40 

0.44 

80 

160 

i.o 

C.I4 

0.26 

0.38 

100 

220 

0.1 

0.15 

0.23 

0.43 

80 

200 

TMICLACETIC  ACIG 

1.0 

0.34 

0.3> 

0.41 

80 

l» 

♦.ft 

C.45 

TO 

200 

TRICXLCRSACCTIC  ACI9 

t.o 

0.56 

0.71 

o,U 

IDO 

240 

0.5 

0.50 

0.77 

i«06 

80 

220 

TRICmORO»>CNOZrACTTiC  ACI8 

l«0 

o.*3 

0.67 

1.04 

80 

120 

(CPTAavCROSSTYRIC  ACID 

1.0 

0.44 

0.56 

OrSA 

88 

120 

oicmoRoscxzoi:  acid 

1.0 

0.43 

0.79 

1.04 

60 

140 

GicmOROPmici 

1.0 

0.36 

0.66 

0.84 

50 

120 

•RiCitUORCPnENO. 

i.o 

0.31 

0.57 

0.91 

50 

120 

TNIOCRSDOt 

1,0 

0.42 

0.52 

0.81 

70 

140 

(1)  SOiaBILirr  CF  this  material  in  pel  >379  is  less  TRAN  0.1  VEIGHT  ^R  CENT. 

The  mercapto  acids  ('.ercaptoacetic,  aercaptobenzoic  ai}d  cer- 
captosuccinic  acids)  are  the  only  ccapounds  in  Table  25  which  are  effec- 
tive anti-^ar  adoitives  luider  'Uie  conditions  of  evaluation  in  the  wear 
tester.  Ihese  coapoxinds  also  show  activity  in  the  anti-seize  and  anti- 
veld  regions  in  the  extreoe-pressure  range.  As  zaight  be  e:q)ected,  the 
chlorine-containing  acid  (trichloroacetic  acid)  is  active  in  the  extreaie- 
pressure  range  and  shows  increased  wear  (chezalcal  erosion)  in  the  range 
of  the  wear  tester. 

It  is  interesting  to  note  the  difference  in  anti-vcar  activity 
shown  by  the  thiolacetic  acid  and  the  mercaptoacetic  add.  In  the  first 
acid,  the  sulfur  is  in  the  carccj^l  group  and  iS*  Ineffective  as  an  anti- 
wear agent  in  concentrations  up  to  2,0  weight  per  cent.  In  the  latter 
case,  the  sulfur  is  isi  the  alj^l  portion  of  the  z&olecule  and  is  effective 
as  an  anti-wear  additive  in  concentrations  at  least  as  low  as  C.5  weight 
per  cent. 
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This  sane  series  of  ccapoimds  have  been  evaluated  in  a mineral 
oil-base  hydraulic  fluid.  The  test  fluid  (PRL  257A)  is  a Spec.  51“?-21 
(Ord)  hydraulic  fluid  prepared  to  contain  no  anti-wear  additive.  The 
values  obtained  are  shown  in  Table  26. 

Table  26 


KSAi’  AND  LUBSICATIOK  VALUES  FCR  S(HB  SXPSRIKShTAL  GEAR  LUBRICAiiTS 


7£ST  FUi5  PHl  2574  • X 5‘-f.2!  (0»9)  J'vOPAyilC  fUJlO  PREPARES  TO 

COHTAIN  W **7!-**AP  ASOiTlVE. 


ASOITIV!  iK  PRL  2574 

TEST  FLUID 

CClNt., 

WT.H 

AY£RA&£  ICAR  SCAR 
DIAMETER,  W. 

1 to  40 

KS.  XG.  KG. 

APPROX. 

ihClPiEK'. 

SEIZURE, 

KG. 

LOAD  FOR 

-jefU-ctgt 

Ve.DIISG, 

KG. 

NONE 

0.55 

0.56 

0.66 

40 

120 

KERCAPTCAKTIC  ACiOHi 

1.0 

0.58 

0.69 

«.»? 

180 

220 

HEUHPICKSZOIC  Kllllf' 

0.5 

o.» 

0.67 

1.17 

100 

220 

1.0 

0.24 

0.30 

0.48 

70 

160 

NERCAPTCSUCCiXIC  AClDl^l 

1.0 

0.25 

0.34 

0.48 

50 

120 

TKI(».ACETIC  ACID 

1.0 

0.37 

0.43 

o.te 

160 

tricklcroacetic  acid 

1.0 

0.53 

0.75 

0.82 

lU 

360 

7filCHlO?OPH£fcOXTAC£TIC  ACIO*^^ 

0.5 

0.47 

0.72 

O.dO 

120 

360 

1.0 

0.46 

0.55 

0.57 

80 

140 

htPTArLUfiRUSUTYRfC  ACID 

1.0 

0.42 

0.51 

o.£6 

60 

120 

IIIC>U.(lli(S£l<20IC 

1.0 

0.49 

0.63 

0.67 

80 

120 

OICKLORaPK£ltOL 

1.0 

o.a 

0.$7 

0.69 

70 

120 

TRICNLOfOPKCXOL 

1.0 

e.49 

O.iS 

0.71 

70 

120 

THiaCRESO. 

1.0 

0.49 

0.57 

0.63 

50 

120 

(I)  SOiyilLITY  CF  Tf::S  KATERIAL  IN  PRL  2574  1$  0.5  AK9  1.0  VCI6KT  FtR  C2KT. 

{2]  SCLVSSLITY  CF  THIS  MT£«|iU  IN  PR.  2574  IS  «.£$$  TMAn  1.0  SCISKT  PER  CENT. 


The  same  general  trends  of  wear  behavior  are  noted  with  the 
mineral  oil  fluid  as  those  previously  noted  for  the  ^thetic  fluid. 

That  is,  the  merc^to  acids  are  the  only  materials  offering  wear  improve- 
ment in  the  wear  tester  and  the  trichloroacetic  acid  is  active  in  the 
extreme-pressure  range.  There  are  several  differences  between  the  syn- 
thetic and  the  mineral  oil  fluids.  The  mercapto  acids  are  less  solublo 
in  the  mineral  oil  fluid.  The  mercaptoacetic  acid,  while  it  is  active 
in  the  extreme-pressure  range,  shows  no  improveaent  in  the  wear  range. 
Herc^tobenzolc  and  oercaptosuccinlc  acids  show  improvement  in  the  wear 
range  but  no  appreciable  activity  in  the  extreae-pressiure  range.  In 
the  synthetic  fluid,  the  three  mercapto  acids  show  activity  in  both  the 
wear  and  the  extreme-pressure  ranges. 

It  has  been  pointed  out  previously  that  some  materials,  such 
as  sulfonate  rust  inhibitors,  have  a tendency  to  nullify  the  anti-wear 
improvement  i^^rted  to  various  fluids  ly  txlcresyl  plosphate.  One  of 
the  compounds  in  vhe  current  evaluation  has  been  tested  in  conjunction 
with  trierssyi  phosphate  in  a synthetic  fluid  (di-2-ethylhe3tyl  sebacate) 
and  in  a mineral  oil  (Voltesso  36).  The  values  determined  for  these 
fluids  are  shown  in  Table  27. 
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Tikble  27 


EFFECT  OF  THICHLOROACSTIC  ACID  GH  THICRESYL  PHOSPHATE  SUSCEPTIBILITY 


Ave.  Wear  Scar  Diam.^  mu. 

Test  Pltjia  Steel-oi>-Ste€l  Surfaces 


(Composition  in  Wt.56) 

1 Kg. 

10  Kg. 

40  Kg. 

Di-2-Sthylhexyl  Sebacate 

0.34 

0.56 

0.69 

+ 1.0  Tricresyl  Phosphate 

0.15 

0.26 

0.40 

1.0  Trichloroacetic  Acid 

0.66 

0.91 

0.84 

+ i.O  Tricresyl  Pl»sphate  ♦ 1.0  Trichloro- 
acetic >'id 

0.63 

0.84 

0.97 

Voltesso  36  (Haphtiienic  Mineral  Oil) 

0.29 

0.64 

0.72 

+ 1.0  Tricresyl  Phosphate 

0.14 

0.22 

0.47 

1.0  Trichloroacetic  Acid 

0.37 

0.70 

0.93 

+ 1.0  Tricresyl  Phosphate  ♦ 1,0  Trichloro- 
acetic Acid 

0.45 

0.61 

0.75 

Trichloroacetic  acid  is  one  of  the  more  active  of  the  co^s.pounds 
tested,  as  evidenced  hy  the  increased  wear  values  in  the  wear  tester.  . 
lhat  is,  this  material  probaU.y  gains  its  load  carrying  ability  in  the 
extreme-pressure  range  by  means  of  chemical  erosion  at  the  bearing  surfaces. 
The  data  in  the  above  table  indicate  that  when  both  tricre^l  phosphate 
and  trichloroacetic  acid  are  present  in  either  the  ester  or  the  mineral 
oil,  the  wear  characteristics  of  the  trichloroacetic  acid  completely 
dominate.  Tne  effect  of  the  tricrosyl  phosphate  is  lost  entirely. 

Oxidation  and  corrosion  tests  at  3L7*P.  for  72  hours  have  been 
conducted  with  0.5  weight  per  cent  concentrations  of  aercaptoacetic, 
aercaptobenzoic,  and  trichloroacetic  acids  in  the  mineral  oil  fluid. 

The  results  of  these  tests  are  ^own  on  Table  28.  Values  for  a similar 
test  with  0*5  weight  per  cent  dimethyl  acid  pbosphito  in  the  synthetic 
fluid  are  included  for  comparison. 

These  tests  indicate  that  all  of  these  materials  are  corrosive 
to  copper  under  the  test  conditions.  The  trichloroacetic  acid  is  corro- 
sive to  cagnssiua  in  both  the  synthetic  and  the  mineral  oil  fluids.  The 
merc^tobenzoic  acid  is  corrosive  to  steel.  Only  the  test  with  tri- 
chloroacetic acid  in  the  mineral  oil  blend  (PSL  257A)  appears  to  have 
exceeded  the  stable  life  of  the  test  fluid. 

1.  Effect  of  Storage  Stability  on  Lubricity.  Data  have  been 
presented  in  reports  PRt  5.4-Scp52  and  PRL  5«8-Sep53  to  indicate  that 
measurable  changes  occur  in  neutralization  number,  lubricity,  and  oxida- 
tion and  corrosion  stabiXit/  of  synthetic  ester-base  lubricants  containing 
alkyl  acid  phosphites  and  phosphates  as  lubricity  additives  under  normal 
storage  in  stoppered  glass  bottles  at  room  temperature  (70*  to  R0®F.). 

These  synthetic  ..ubrlcant  c<xapositions  show  an  increase  in  neutralization 
nuaber  with  storage  time.  Wear  data  for  a synthetic  lubricant  containing 
an  alkyl  acid  phosphate  (Ortholeua  162)  shows  s decrease  ir.  lubricity 
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OUDATION  ON  CORROSION  PROPERTIES  OF  SEVERAL  EXPERIMHITAL  GEAR  LUBRCCANTS 


vath  storage.  Under  tne  saae  storage  conditions  all  of  the  coapositions 
contairiirig  alkyl  acid  phosp^tcs  show  increases  in  lubricity  with  storage 
Ihe  effect  oL  courage  on  oxidation  an!  corrosion  will  be  discxissed  in  a 
subsequent  section  of  this  report. 

This  study  ot  storage  stability  has  been  broadened  to  include 
the  effect  of  room  teaperature  storage  of  the  alkyl  acid  phosphite  addi- 
tives alone  and  in  Spec.  KIL-L-780d  type  lubricants  which  contain  tri- 
cre^l  phosphate  as  a lubricity  additive.  Neutralization  nuaber  aeasure- 
.acr.  ..  as  a function  of  storage  tiue  on  the  synthetic  lubricant  ccaiposi- 
tin  recited  PRL  5.fr“Sep53  nave  been  conLit'.ued.  litse  d?ta  for 
gea^*  lubes  cental'  ing  acid  phosphates  are  shown  on  Table  29.  Data  for 
gear  lubes  containing  allqrl  acid  phosphites  are  shown  on  Table  30. 

Similar  data  for  two  cossercial  Spec , MIL-L-YSOS  type  fluids  are  si'.own 
in  Table  31.  The  ester^base  fluids  containing  an  alkyl  acid  phosphate^ 
alkyl  acid  phosphite,  or  a trialkyl  phosphite,  all  show  a tet^ency 
toward  an  increase  in  neutralization  nuaber  with  continued  storage. 

Seme  of  the  ester-base  lubricants  containing  tricresyl  phosphat 
shew  an  increase  in  neutralization  nicsber  with  storage  >dille  others  show 
good  storage  stability,  the  samples  showing  relatively  poor  storage 
stability  are  boLh  Spec.  MIIi-L-7603  type  lubricants  simpUed  by  different 
coctiercial  suppliers.  The  three  sempd-es  which  show  go^  storage  stabilit 
in  the  presence  of  5.0  weight  per  cent  tricresyl  phosphate  are  Spec. 
KIL-WSOS  samples  prepared  by  this  laboratory.  The  reasons  for  these 
differences  ir.  neutralization  number  change  on  storage  are  not  rc*'dily 
apparent. 


As  indicated  previously  this  trer.d  toward  increased  neutrali- 
zation nuaber  is  believed  to  be  due  to  hjdro’ysis  of  the  organo-phosphort 
lubricity  auditive  and  the  fact  that  many  alkyl  and  aryl  acid  phosphates 
and  phosphites  appear  to  exert  a catalytic  effect  on  the  splitting  of  the 
ester  linkage  in  the  dibasic  acid  ester.  It  can  bo  noted  from  these  dat< 
tnat  the  storage  stability  of  mineral  oils  containing  alkyl  acid  phos- 
phates and  phosphites  is  superior  to  that  of  a dibasic  acid  ester  coi>> 
taining  the  sane  phosphorus  type  additive. 

Seme  additional  lubricity  tests  have  been  wnducted  on  storage 
samples  containing  tricre^l  pho^hatc  and  tri-2-ethylhe3yl  phorohite, 
and  on  new  samples  of  ester  blends  prepared  from  alkyl  acid  phosphites 
which  have  been  stored  r.eat.  These  data  arc  shown  on  Ta&.e  32.  In  the 
case  of  the  alkyl 'acid  phosphites,  original  and  storage  sas^les  of  the 
completed  foimulatlons  are  shewn  as  a basis  of  comparison.  These  lubri- 
city data  nave  been  obtained  with  the  Sh^l  four-ball  2.P.  lubricant 
tester. 


The  Spec.  MIL-I/-7608  type  foxmidations  which  shew  an  increase^ 
neutralization  number  on  storage  also  show  a substantial  increase  in  the 
point  of  incipient  seizure  which  is  evidence  of  improved  lubricity.  The 
Spec.  MIlr-I/-7808  type  formulations  >4iich  exhibit  no  neulralization  numbe 
iiiv.  ’asc  on  storage  show  essentially  no  change  in  lubricity.  The  forau- 
lation  con<.aiiiirg  tri-2-ethylhexyl  phosphite  shews  an  increase  in  lubri- 
city after  storage.  In  the  lubricity  test„  conducted  after  storage,  all 
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of  the  ester-base  cccpositions  containing  phosphorus  additives  showing 
' increased  neutralisation  nuaoer  also  show  increased  lubricity  in  the 
four-ball  S.i,  lubricant  tester  with  the  exception  of  those  blencs  con- 
tairting  alkyl  acid  phosphates.  These  latter  blends  show  a decrease  in 
lubricity  and  increasing  neutralisation  nuaber  with  storage  (see  report 
PRl  5.8-Sep53). 

Several  aD^rl  acid  j^.^^hite  additives  have  been  stored  in 
glass  bottles  neat.  Tnese  ^‘■ored  additives  have  been  used  to  prepare 
fresh  ester-base  foraulations.  Tne  lubricity  values  of  these  fresh 
forsulations,  using  the  additives  stored  neat,  show  subssantial  lubri- 
city ia‘prjv*x2ents  over  the  original  blerids  and  saaller  iaproveaents 
o''er  awred  hl-'-'^s.  “Ihese  dasa  would  tend  to  iTidioa-^  t^al  the 
inprov'/aent  in  lubnc  ty  with  storage  is  due  to  cheaical  changes  in 
the  additive,  itself.  That  is,  the  presence  of  the  ester  base  stock 
during  storage  is  not  necessary  for  the  ioproved  lubricity.  It  appears 
that  the  presence  of  the  ester  in  the  coraidete  fcraulation  siay  lia?t 
sosewhat  the  lubricity  iaprovesseiit  durirg  storage.  This  seess  reason- 
able on  the  basis  of  previous  data.  The  increase  in  neutralisation 
nuaber  in  the  finishei  conposition  is  believed  to  be  a result  of  the 
combined  hydrolysis  of  the  phosphorus  additive  and  a splitting  of  the 
ester  to  an  organic  acid  dxie  to  the  catalytic  effect  of  the  pho^horus 
additive.  The  cocpctiticn  of  the  polar  organic  acid  with  the  acid 
phosphate  or  phosphite  for  surface  adsorption  is  believed  to  be  at 
least  partially  responsible  for  the  fact  that  the  storage  of  the 
additive  neat  gives  better  lubxlcity  than  the  storage  of  the  additive 
in  a finished  ester-base  ccopositicn. 

Of  the  alkyl  acid  plwsphite  additives  evaluated,  those  pre- 
pared frea  secondary  alcohols  show  the  best  storage  stability,  i.e. 
the  least  property  change  with  storage.  Secondary  alkyl  acid  phos- 
phites will  continue  uo  be  of  interest  ii.  ccapounding  gear  lubricants 
for  this  reason.  The  change  in  neutralization  nmber  with  storage 
stability  for  scce  Spec.  KiL-Ir-7808  uype  fluids  and  not  for  others  of 
the  same  type  deserves  further  study. 

2.  Wear  Tester  Studies  Vith  K-10  Tool  Steel  and  Beat 
Stabilized  52-100  Steel  Balls.  Samples  of  two  diffcr*cnt  types  of 
steel  ball  bearings  have  been  obtained  frem  the  SKF  Industries. 

These  bearings  are  prepared  freo  (l)  M-10  tool  steel  and  (2)  heat 
stabilized  52-100  steel.  These  steels  arc  typical  of  beari^  surfaces 
found  in  various  higli  temperature  applications  involving  hydraulic  fluids 
and  lubxdcaitts. 

The  wear  behavior  ot  these  bearing  materials  in  the  Shell 
fuiir-ball  wear  tester  has  been  investigated.  The  test  temperature  is 
75*C.  (167*F.)  and  test  time  is  or<e  hour.  Both  mineral  oil  and  ester 
type  test  fluids  have  beer.  used.  The  behavior  of  tilcrcsyl  pnosphate 
as  an  anii-vear  additive  has  been  detemined.  The  test  fluids  used 
are  shown  in  Table  33- 
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Tflblo  29 

m'jiCT  OF  STORAOK  TIME  ON  THE  NEUTRALIZAT  iON  NIMBER  OF  SC«E  BUEUDS  CONTAINUtO  VAHK'US  ACID  FH0SPHATE3 


(1)  COHHCRClAl  AOOfTiVC  SCLtmO  70  OC  A HtXTl>>!C  OF  HOKD-  AND  DImLAURYL  ACtD  PHOtMAiED. 

(2)  THIS  sample  stored  IN  A CLOSED  HCTAl  FIVL  lALLON  DRUM  AT  ROOM  TEMPERATURE* 

THIS  IS  the  NEUTRALIZATtON  NI/HSCR  SHOWN  8/  FLUID  WHEN  IT  WA&  RECEiVEO  BY  THIS  LASORAtORY. 

(4)  THIS  VALUE  IS  THE  THEORETICAL  NEUTRALiZATiON  NUHBER  OF  THE  BlEKl  IF  OKIY  THE  PH0SPH0RUS>C0NTAlNIN3  ADOITIVE  WERE  HYOROLyZCO. 


;i  OBTAINED  rROH  THE  VICTOR  CHEMICAL  CWHHI, 

[2  OBTAINED  FROM  TNC  MONSANTO  CHEMICAL  CDHRANY* 

')  TIMS  VALUE  1$  the  THEORLTICAL  NEUTRALIZATION  NUMBER  OF  THE  BLEND  IF  ONLY  THE  PHOSPKORUB-CONTAiNINO  ADDITIV.:  VERE  HTOROLYZEO. 


i 


! 

; i' 

i li 


ir 

I 


! 


Tabic  31 

KFFSC-  OP  SloaUSB  TIMS  OH  THE  lUUTHALIZATIOH  HIMBEE 
OF  SCKS  SPEC.  MIL-1^7808  TTPE  FLUIDS 

ALL  auiDS  EJ^CtPT  nS  KCTCD  STCRCS  IM  STDPPEREO  GUSS  BOTTLES  AT  ROCM  TEMKRATURE 


PRL  K. 

35» 


SPEC. 


TEST  aeio 

(COMPCtITtOISS  K WT4) 


STORASE 

T!«E, 

HOXThS 


XEUT.  MO.,  m. 
rOK/GM.  aulo 


«:L-L-?»?  6EA8  LCSTtCAMT 
(CamECtlALLT  PaPAftEO) 


izU) 


0.2<2I 


1.3 


35*0^3) 


sac.  MIL-L-7803  Tra  L03ft:CAV'7 
(coHaRciALLY  papAao) 


taO) 


c.3*<) 


2.8 


3076 


3.9  ACSYLCiO  IIF^5  4 0.3  PhEiSTMtAtllC 
IP  0i.2^TKYL>€Xa  SEBACATE 


30 


0.! 


5.0  TRICRESYL  nOSPKATE  (BATCH  S*10ld)  IN 
PRL  3076 

5.0  TPlCaSYL  PHOSPHATE  IR  Pa  3076 


AO  0.1 

AO  0.1 


o.i 

0.1 


3.9  ACRYLOIO  KF>25  * 0,4  PARAxOX  441  ♦ 

5,0  TRJCajfL  PHOSPHATE  IR  PI-2-CTHYL«Fa 
SESACATE 


49  0.1 


0.1 


(I)  STORAa  Tia  IS  the  tike  TIZSE  COWIERCia  SAMPLES  KAYE  BEER  STORED  AT  THIS  LASC^iATORY. 
(21  RE<ITRALIZATI0R  HOKSER  is  THAT  SNCVe  BY  aCID  ITtER  aCElVED  AT  THIS  lABDRATCRY. 

(3}  THIS  SAKat  VAS  STORED  IR  NETa  CAR. 


77  - 
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TaSr  FLUIDS  UTIUZED  IK  WEAR  TESTS  WITH  SPECIAL  STEELS 


Designation 

Type  Flidd 

Vft.^  Tricresyl  Riosphate 

PHL  2574 

Mineral  Oil 

ficne 

PRL  3078 

Mineral  Oil 

1.0 

PRl  3371 

ifeter 

None 

PRL  3490 

Ester 

1.0 

The  vaiv'D  obtained  for  these  tvo  steels  along  with  those 
obtained  under  t):e  saae  test  conditions  for  the  52-100  S.P.  type  steel 
balls  cori^entionally  used  as  wear  tester  specicens  are  shown  in  Table  34. 

Table  34 

WEAK  CKAPJ;CTEP.:STICS  OF  SPECIAL  HIGH  TBlPHiA'nJiS  STEEL  BALLS 
IK  THE  FOUR-BALL  WEAR  TESTER 


Wear  Tester  Conditions  Include:  Test  Tice  * 1 Hour; 
Test  Teaperatia^  * 75*C.;  Test  Speed  * 850  r.p.c. 


Tvoe  Bearings 

Load, 

Kg. 

PRL 

2574 

• - Test 
PEL 
3078 

Flu5  ^ - - 

3371 

Pal 

3490 

S.P.  TVpe  52-100  Steel 

A 

0.35 

0.15 

0.29 

0.19 

10 

0.56 

0.22 

0.50 

0.28 

40 

0.66 

0.44 

0.71 

0.75 

Heat  Stabilized  52-100  Steel 

1 

0.28 

0.15 

0.30 

0.17 

10 

0.55 

0.3C 

0.47 

O.Z7 

40 

0.65 

0.40 

0.72 

0.79 

K-IO  Tool  Steel 

1 

0.31 

0.19 

0.35 

0.?9 

10 

0.38 

0.33 

0.44 

0.32 

40 

0.42 

0.46 

0.62 

0.45 

The  behavior  of  the  E.P.  type  52-100  steel  and  thv»  heat 
stabilized  52-100  steel  is  essentially  the  sase  at  cozrespending  loads 
and  test  fluids.  Values  for  the  K-10  tool  steel  tend  to  be  soaexhat 
lower  at  the  iilgii  load  ^40  kg./  than  those  for  the  other  two  steels. 

The  tricrcsyl  phosphate  appears  to  be  effective  in  reducing  the  wear 
values  for  each  type  steel  shown.  This  preliainary  data  would  indicate 
that  the  four-ball  wear  tester  can  be  used  to  evaluate  the  relative 
wear  behavior  of  fluids  and  lubricants  in  relation  to  the  bearing 
surfc-ccs  shown. 

Furtner  wori<  will  include  the  evaluation  of  various  extrree- 
pressure  and  aild  £.P%  type  additives  relative  to  these  bearing  surfaces 
as  well  as  the  behavior  of  eixed  bearing  systeas,  that  is,  systeas  such 
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as  E.P.  type  52-100  steel-on-heat  stabilized  52-100  steal. 

3-  Lubrication  Studies  Vfi.th  Titani\aa  and  Titanixra  Alloys.  This 
Laboratory  is  participating  in  a study  of  the  lubrication  characterise  ics 
of  bearings  of  titaniua  and  titanium  alloys.  This  '*toik  is  being  done  in 
cooperation  Kith  the  Departiient  of  the  Arcy,  Chief  of  Ordnance.  The 
Materials  Laboratory  of  the  Wright  Air  Develcpoent  Center  has  also  e:qpressed 
an  interest  in  this  study. 

Preliainary  studies  have  been  conducted  in  the  Shell  four-ball 
''oAr  using  titanim  and  titaniizs  alloy  ball  bearing  test  specineno 

as  well  u ' syecial  f?  -t  disc  specimens.  Ihe  flat  disc  speci*aens  are  used 
Kith  a sp^^iai  test  o*.-  adapter  designed  for  the  four-bail  wear  tester, 
ihe  flat  speciiser.s  and  che  titanlia  balls  were  obtained  through  the 
Watertovoi  Arsenal.  The  balls  are  i5/32-inch  diaaetcr  instead  of  the 
standard  1/2-inch  dlaaeter  for  which  tte  wear  tester  is  desi^^ned.  This 
size  difference  in  the  balls  requires  a special  adapter  in  the  rotating 
ball  chuck  and  in  the  ball  pot  to  acco&codate  the  aaaiier  15/32-inch 
diaseter  titanim  balls.  Tne  compositions  of  the  titaniua  specimens  are 
shown  on  Table  35. 


Table  35 


TITANlth  SPECIMENS  F(H  THE  FOUR-BALL  ViSAR  TESTER 


No.  of 
Balls 

No.  of 
Discs 

Alloy 

Designation 

Ncsinal  Ccccposltion, 

12 

12 

li  75A 

Fe^O.lO;  K*0.02;  C-O.OA; 

Hs0.03;  0«Trace;  Balance»Ti 

12 

6 

Ti  150A 

Fe.1.3;  K«0.02;  Cr.2.75 

C=0.02;  WO.03;  O-^O.aSj 

12 

6 

RC  130A 

Kn»8;  C«0.10;  Balancc®Ti 

12 

6 

RC  1303 

Mn=A.;  Al=Uf  C^O.lOj  Baiance-Ti 

The  hardness  of  the  test  balls,  or  specio^ens,  in  the  four-ball 
tester  exerts  considerable  influence  over  the  ball  scars  obtained  and 
the  lead  range  over  idiich  the  balls  i&ay  be  successfully  evaluated  for 
lubricity.  The  harder  the  specimens,  the  more  satisfactory  the  results 
at  higher  bearing  loads.  As  a preliminary  measureiaent,  therefore,  the 
hardness  of  the  titaniua  specimens  was  measured  in  order  to  establish 
the  hardness  relative  to  other  test  specimens  successfully  evaluated  with 
a Shell  fou3>-bali  wear  tester.  These  hardness  values  are  shown  on  Table  36. 


Table  36 

KAHLKSSS  VALUES  P(®  TITAallM  A>:D  TITANIUM  ALLOYS 


Metal  Specimen 

Hardness 

Sheet  Stock  free  WADC 

1-53 

itodtweU  C 28-31 

W7  (T-1) 

Kockxell  C 21-25 

Vfetertown  Arsenal  - Ti  Balls 

Ti  75A 

Eockiffiil  C 20-21 

a {95) 

RC  IjjA 

Boclmen  C 43 

RC  130B 

Rockwell  C 33-39 

RC  I50A 

EockweU  C 42-43 

The  hardness  increases  with  increasing  hardness  nuaber.  Values 
on  the  fiockwell  C scale  are  indicative  of  narder  speciiaens  than  the 
Rockwell  B scale.  A hardness  of  ^ on  the  Rockwell  C scale  is  eqxiivalent 
tc  a value  of  98  on  the  Rockwell  B scale.  The  tit-anius  alloys  are  sose- 
what  haider  than  the  titanius  75A  ^ich  is  essentially  pure  titanius.  The 
titaniiza  alloys  are  not  as  hard  as  the  52*100  steel  bearing  specimens  used 
for  the  bulk  of  the  four-ball  wear  studies.  However,  softer  speciaens, 
naaely  Naval  bronse  and  C-1019  soft  steel,  have  been  evaluated  success- 
fiQly  with  the  four-ball  waar  tester  in  the  low  load  range. 

Vrear  characteristics  with  stainless  steel  balls  say  be  of 
consiaerablc  interest  in  this  discussion  because  of  the  similarity  of 
corrosion  resistance  between  titanic  and  stainless  steel.  Data  are 
presented  on  Tables  37,  38  and  39  to  illustrate  the  four-ball  l\d?ricity 
neasureaents  with  the  various  types  of  balls  discussed  as  a basis  of 
ccaparison  for  the  titani^a  studies. 

The  data  on  Table  37  show  the  lubricity  properties  of  bearing 
systcas  involving  stainless  steel  and  52-lCO  steel,  the  test  fluids 
cccsprise  a typical  ester  and  mineral  oil  ccapcsition  with  and  without 
tricresyi  phosphate  as  the  anti-w«ar  additive.  It  can  be  seen  that 
stainless  steel  bearings  are  such  more  difficult  to  lubricate  than  the 
conventxonal  52-100  steel  bearings.  It  is  evident,  however,  that  the 
same  general  trend  exists  in  the  lubrication  of  the  stainless  steel 
and  52-100  steel  systems.  This  relative  ease  of  lubrication  correlates 
well  with  the  relative  ease  of  cetal  attadc,  or  corrosion,  of  the 
stainless  steel  and  52-100  steel.  It  can  be  noted  that  the  maximica 
differences  in  stainless  steel  and  52-100  steel  show  up  at  the  higher 
loads  (40  kilograms)  where  increased  chemical  activity  is  required  to 
allow  adequate  lubrication  via  chraical  erosion  or  polishing.  Ihese  and 
subsequent  data  also  point  up  t'.  . desirability  of  using  the  harder 
member  of  a dissimilar  bearing  system  as  the  rotating  member  of  the 
four-ball  wear  tester. 
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Table  38  shows  the  wear  values  for  C-101?  soft  steel  and  52-lCX) 
steel  bearings.  The  C-1019  soft  steel  balls  exhibit  a hardness  typical 
of  cold  wnrked  low  carbon  steel.  These  bails  are  considerably  softer  than 
those  of  titanius  and  the  t-taniaa  alloys  considered  here.  As  i.'.  che  case 
of  stainless  steel,  however,  the  basic  ingredient  is  still  iron.  This  is 
important  since  it  has  bee»i  shown  ty  several  investigators  that  additives 
of  the  4 ricresyl  phosphate  type  work  by  foraing  a low  melting  iron-phos- 
phorus alloy.  In  general,  t;ne  wear  values  for  the  ^st^s  invol^r.;  C-?019 
soft  steel  are  high,  but  «he  effect  of  trlcre^l  phosphate  is  still  evident. 
It  is  apparent  froL?  the  scar  sizes  that  loadings  of  10  and  AO  kilograms 
are  excessive  for  these  5iOft  bearing  systems.  This  suggests  that  the 
four-balj  ^ear  test**^  may  be  useful  in  evali:ating  chestical  phenomena 
involved  * . i'ocricati.a  even  though  the  actual  bearing  loads  used  in 
practic'i  cannoc  adeq^attly  be  mirrored. 

Table  39  shows  some  steel-on-bronze  wear  data  fma  the  four-ball 
wear  tester.  These  data  include  the  four  flidds  discussed  in  the  two 
previous  tables  and,  Ir.  addition,  a mineral  oil  and  este)'  containing 
S-106  which  is  a zinc  neutralized  di-thio|^osphate  additi/e.  The  softer 
metal,  or  the  one  inciiuring  the  most  wear,  is  now  a non-ferrous  metal. 

The  fl^lids  contairuJtS  the  tricresyl  phosphate  do  not  produce  decreased 
wear.  The  various  classes  of  fluids  do,  however,  produce  re,..oducible 
scar  values  representing  varying  degrees  of  lubricity  or  wear.  Again, 
as  in  the  case  of  the  C-1019  soft  steel,  the  /alues  are  excessive  for 
the  higher  loadings  (]0  kilograms  and  ateve)  indicating  that  the  wear 
values  have  been  obtained  at  a loading  above  all  practical  bearing 
loadings  Involving  bronze  bearir^s.  The  relative  degrees  of  wear  do, 
however,  line  up  rougJily  in  accordance  with  ease  of  corrosion  of  the 
bronze  in  a high  temperature  oxidatior  process  involving  the  lubri- 
cant, air,  and  bronze  surface.  That  3“,  the  mineral  cii  shows  less 
bronze  corrosion  upon  oxidation  than  the  ester.  The  tricre^l  phospliatc 
and  zinc  di-thiophosphate  show  ir*crcasing  rates  of  bronze  corrosion  on 
oxidation.  It  should  be  mphasized  that  all  of  the  liibricant  ccopositions 
discussed  here  are  considered  good  lubricants  for  steel-on-bronze  bearing 
^sterns. 


Table  AO  shows  some  bronze-on-bronze  wear  data  for  a typical 
Spec.  HIL-Ii-7808  synthetic  lubricant  (PHl  3161)  by  itself  and  with 
quantities  of  chemically  active  extreme-pressure  type  addltivct. 

These  extreme  pressure  additives  all  show  excessive  chemical  activity 
with  bronze,  The  bronze  wear  values  for  PRi  3161  increase  with  the 
addition  of  these  relatively  corrosive  extreme-pressure  additives. 

In  general,  these  results  indicate  that  seme  significant 
w«ar  and  lubricity  data  can  be  obtained  with  metals  other  than  52-100 
steel  and  with  hardness  values  considerably  below  the  optiexa,  which 
appears  to  be  in  the  range  of  60  to  65  Rockwell  C. 
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Table  37 


i! 


1. 

c 


IT 

i. 


STAINLBbS  S1£EU>2-iiX)  BSARUG  STEEL  VEAR  CHARACTSRISTICS 
!}•  F0UR-3ALL  WEAR  TSSTBR 

Test.  Conditions  Include:  Test  Time  = 1 hour;  Test  Speed  = 850  r.p.ra.; 

Test  Teaperature  = 75*C.;  Bearings  = Stainless 
Steel  Bail  Bearings  (0.5  inch  diaseter)  SKF 
Industries  Grade  #1  and  SKF  Indxistries  Grade 
ix.  (G.5  inch  diaseter)  Steel  Ball  Bearings, 

PRL  Batch  ir9. 

Teat  riuids  Include:  PRL  2574  * Ti»pical  Hj'drocarbon-base  I^raulic  Fluid 
PRL  3078  » 1.0  Wt.^  Tricrcayl  PUsphate  in  PHI  2574 
PRL  2429  * I)i-2-Ethylheaqrl  Sebacatc  (Plasticizer  Grade) 
PRL  2860  » 1.0  Wt.^  Tricresyl  Phosphate  in  PRL  2429 


Average  Wear  Scar  Biazietcrj 
1 Kc.  1 10  Ke. 

at 

40  Ktr. 

Steel-on-Stcel  Bearing  Surfaces 

2574 

0.35 

0.56 

0.66 

3078 

0.15 

0.22 

0.44 

1 2429 

0.26 

0.55 

0.69 

2860 

0.14 

0.26 

0.37 

Stainless  Steel-on-Stainless  Steel  Bearing  Surfaces 

2574 

0.33 

0.53 

1.56 

3078 

0.21 

0.30 

1.43 

2429 

0.44 

0.85 

1.23 

2860 

0.21 

0.63 

1.12 

Rotating  Steel  Sail-on-3  Stationary  Stainless  Steel  Balls 

2574 

0.33 

0.46 

0.54 

3073 

0.14 

0.25 

0.44 

2429 

0.20 

0.42 

0.50 

2860 

0.15 

0.29 

0.37 

Rotating  Stainless  StedL  Ball- 

on-3-Stationary  Steel  Balls 

2574 

0.36 

0.62 

1.36 

3078 

0.15 

0.25 

0.44 

2429 

0.38 

0.71 

1.17 

2860 

0.19 

0.29 

1.10 

Table  33 

CCKPARISON  OF  TiS  vEAIi  CHARACTSaiSTICS  BETWEEN  52-IX  HEAPING  ST5ZL 
and  C-1019  soft  steel  BSAHIKGS  in  the  SKSIL  FOUR-BAIL  VSAR  TESTER 

Test  Ccnditions  Include;  Test  Tinse  = 1 hour;  Test  Speed  = 850  r.p.n.j 
Tett  Temperature  = 75*C.;  Bearings  » Kilian  Steel  Ball  corp. 

C-l(.19  Soft  Steel  Balls  (0.5  inch  diameter)  and  SKF  Industries  | 

Gi'l'  4l  (Oo  inch  diameter)  Steel  Ball  Bearings,  PEL  Batch  #9. 

Test  Fluids  Include : i 

PiU.  2574  = Typical  ffydrocarbon-base  Hj^raulic  Fluid  I 

PEL  3078  » 1.0  Vt.%  Tricresyl  Pnosphate  in  PRL  2574 

PRL  2429  = Di-2-Ethylhe:<yl  Sebacate  (Plasticizer  Girade)  j 

PRL  2860  = 1.0  Wt.^  Tricresyl  Pbo^hate  in  PRL  2429  I 


ST2Si/-Cfl.-BR0NZE  WEAR  CHARACTSaiSTICS  AS  MEASURSD  ON  THE 
SHELL  POOR«BALL  WEAR  TESISR 

Test  Conditions  include:  Test  Time  = 1 hour;  Test  Speed  = 850  r,p.in.; 
Test  Tenperacure  75*C.;  Bearings  ® SKF  Industries  Grade  §1  (0.5 
inch  diameter)  Steel  Ball  Bearings,  PEL  Batch  #9  and  Hartford 
Steel  Ball  Co.  Naval  Bronze  Grade  ^ (0.5  inch  diameter)  Ball 
Bearings,  PRL  Batch  4^. 


TesL  Piuidc  liicls.de: 

PRL  2574  = i'^cal  Hydrocarbon-base  Hydraulic  Fluid 
PRL  3078  *■  1.0  Vft.jS  Tricresyl  Phosphate  in  PRL  2574 
PKL  3302  * 1.0  S-106W  in  PRL  2574 

PRL  2429  » Di-2-Ethylhexyl  Sebacate  iPlasticizer  Grade) 
PRL  2860  = 1.0  \it.%  Tricresyl  Phosphate  in  PRL  2429 
PRL  3303  = 1.0  Vt.%  S-lC6(i3  in  PRl  2429 
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Table  40 

WEAR  CHARACTERISTICS  OF  SOME  FLUIDS  WITH  BB0HZE-(®-BR01i2S  BSARIiiGS 

Tests  Conducted  with  Shell  Four-Ball  Wear  Tester  for  1 Hour  at  75*C.  With 
Bronze-on-bronze  Bearing  Surfaces. 

Bronze  Ballbearings  = Hartford  Steel  Ball  Coapar^r,  Kaval  Bronze  Grade  #1 
(0. 5-Inch  Diameter),  ?RL  Batch 

Test  Fauid  PRL  3207  = 0.5  Wt.$  Phenothiazine  in  Di-2-Btborlhe:xyl  Sebacate. 


Ave.  Wear  Scar 
Diam.,  ss. 

% AddJtwe  in  F5L  3^7  1 Kg.  30  Kg. 


3*9  Ac^yioid  HF-25  ^ >.0  Tiicresyl  Phosphate 


(PRL  3161) 

0.a6 

0.91 

10.0  Fluorolube  FS 

0.6U 

1.03 

10.0  Aroclor  124S 

0.80 

1.69 

f‘.5  Santopoid  S 

0.76 

1.13 

f 0 Ortholeua  202 

1.12 

1.19 

In  general,  these  results  indicate  that  some  significant  wear 
and  lubricity  data  can  be  ootaimd  with  metals  other  than  5<~1C0  steel  and 
with  hardness  values  considerably  below  the  optimum,  which  appears  to  be 
in  the  range  of  60  to  65  Bockwell  C. 

Prcliminaxy  wear  studies  with  titanim  75A  are  ^own  on  Table  41- 
Steel  (52-lCO  steel)-ori-titanivBi  as  well  as  titaniina-on-titani’^  data  are 
presented.  The  bulk  of  the  tests  have  been  conducted  at  a load  of  one 
kilogram.  A few  exploratory  tests  l^ve  been  attempted  at  10  and  40  kilo- 
grams load  in  the  four-ball  wear  tester.  For  the  majority  of  the  tests, 
^-2-etiiyihexyl  sebacate  with  various  classes  of  addii  Lves  has  been  used 
for  the  test  fluid.  Di-3*ethylhe^l  sebacate  shows  f jod  lubricity  proper- 
ties with  steel  as  well  as  steel-on-bronze  bearings. 

The  one  kilogram  test  with  the  di-2-ethyihexyl  sebacate  type 
of  fluid  containing  5.0  weight  per  cent  tricregyl  phosphate  (FRL  31^1) 
had  to  be  stopped  after  1 minute  test  time  because  of  the  noise  and 
vibration  r.otea,  which  is  generally  Judicative  of  failure  of  the  lubri- 
cant. Fluorolubc  FS,  which  is  a polsroer  of  trlfluoromonochloroetl^lene, 
shows  only  a slight  improvement  over  IRL  3161  in  lubricity  for  titanixaa- 
on  titaniua.  Incipient  breakdown  of  lubricity  was  evident  when  the  test 
was  tenainated  after  5 minutes.  The  supply  of  titanium  test  specimens 
is  quite  limited;  the»*eforc,  no  furtuer  titanium-on-tltaniun  wear  tests 
have  been  conducted.  In  the  re^cn  of  normal  wear,  it  is  possible  to 
obtain  as  many  as  10  to  15  tests  with  one  set  of  3 stationary  balls  and 
4 to  6 tests  with  one  rotating  ball.  Running  under  conditions  of  incipient 
failure  is  undesirable  since  it  reduces  greatly  the  nxraber  of  tests  that 
can  be  obtained  with  a given  set  of  balls. 
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Table  41 

WEAR  CHARACTEfaSTICS  OF  TiTAlElH  <75-A) 


TESTS  COKOUCTEO  lit  THE  SKElL  fOUR-SALL  VEA"  TESTER  FOR  t iiS'JR  AT 

STE'l  SaiS  - SKF  IKOUSTRIES  GRAOE  |l  |0.5  !NCK  OIAHETER)  STEEL  BJM.L&EARIR6S,  PRL  SATCN  III. 
TEST  fL’'«0  *>0,  -gOI  - 0.5  IfT.i  PtEkOTHIAZUg  IK  OI-g»ETHYLHEXYL  SEBACATE. 


Vr.^ASSITiVI  IN  RRL  ^7 

BEARING 

SYSTEH 

TEST 

TJKE, 

Ills. 

. . AYE.  YEAR  SCAR 
OIAM.,  K*. 
i KS.  10  Nfi. 

40  KO. 

3.9  ACR'LOlO  HF.25  * ;.C  TRiCRCSVL  RKOSPiUTE 

TI.ON-TI 

1 

1.17 

ipa  3161! 

STEEL-ON-TI 

10 

5*58 

- 

- 

iDu  fs 

Tf.0X.Ti 
STEEL.0X.T 1 

4 

1.62 

0.47 

0.47 

3. '2 

lO.G  ri.UOROLUB£  FS 

STCEl-OtUTi 

60 

0.42 

- 

- 

10.0  KCXAChLOROB'JTfOIENE 

STECL.ON.TI 

60 

3.42 

- 

- 

1.0  ii<n.uoRoai;rYRic  acio 

STEeL.CX.TI 

60 

JM 

- 

- 

10.0  AROClOR  1248 

STEEL.ON.TI 

60 

0.32 

6.37l'> 

- 

7.5  SAXTCfOlO  S 

STEEL.OII.TI 

£0 

0.52 

- 

- 

3.0  OSTFOLEI^  202 

STEEL  .OI|.Ti 

£0 

0.56 

- 

• 

(0  10  KS.  L0A9  RON  VITKOOT  OISTORSUS  STATIOxARr  BALLS  FOLLOWISS  I Kft,  RUN. 


Lubricity  teste  vlth  titanium  have,  therefore,  been  concentratec 
on  steev-cn-titanim  ^stemi.  For  these  studies,  a single  52-100  steel 
ball  is  used  as  the  rotating  member  and  three  titanium  balls  are  used  as 
the  statio.Taiy  member  of  the  bearing.  These  steel-on-titanium  results 
indicate  that  phosphorus-containing  additives  are  not  particularly  effec- 
tive in  "iveel-on-titanlum  lubrication.  This  applies  equally  to  tricresyl 
phosphate  and  phosphoric  acid.  Both  of  these  materials  are  effective 
lubricity  additives  for  steel-oi>-steel  ^sterns.  Ihe  phosj^rus-contain- 
ing  additives  work  on  the  basis  of  iron-phosphorus  alloy  formation  in 
the  oearing  area,  which  results  in  ssoot'uing  or  chemically  polishing  the 
bearing  surface.  The  use  of  an  acidic  phosi^orus  compound,  in  general, 
increases  the  effectiveness  by  virtue  of  ph^ical  adsorption  on  the  metal 
surface,  thereby  reducing  the  concentration  of  additive  required, to 
produce  a given  lubricity  level. 

The  use  of  extreme-pressure  type  lubricity  additives  contain- 
ing fluorine  and  chlorine,  chlorine  and  sulfur,  chlorine,  and  sulfur 
appear  to  be  effective  in  reducing  steel-on-ticanlum  wear.  Ihe  cemposi- 
tion  of  Fluorolube  FS  has  already  been  discussed.  Arodor  1248  is  believ 
to  be  a chlorinated  biphei^l.  Santopoid  S is  a chloronaphtha  xanthate 
containing  10  to  15  weight  per  cent  sulfur  and  30  to  35  weight  per  cent 
chlorine.  Ortholeum  202  is  a sulfurized  terpene  containing  about  35  weig 
per  cent  sulfur.  These  materials  are  conventional  extreme-pressure  agent 
for  steel-on-steel.  They  appear  to  be  effective  because  of  a substantial 
rate  of  chemical  erosion  of  an  iron  compound  formed  from  the  active 
ingredient  of  the  extreme-pressure  additive  in  th^  bearing  area  to  proven 
seizure  and  welding  of  the  metal  parts.  This  behavior  suggests  that  the 
mechanise,  by  which  these  extreme-pressure  additives  work  is  one  of 
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si^'ficisnt  cnemicai  erosion  of  the  steel  bearing  area  to  keep  to  a aini- 
axsa  the  rate  of  titaniici  pick  up  on  the  rotating  steel  ball  froa  the 
stationary  titanim  balls.  It  is  believed  that  substantial  titanius.  pick 
up  by  tne  rotating  ball  nust  be  prevented  to  achieve  low  vear.  This  is 
based  partially  on  ti'ie  co&parative  effect  of  rluorclube  F£  with  steel-on- 
titaiiixaa  versus  titaniisa-on-titaniun. 

There  is  sore  difference  between  the  extreae-pressure  type 
additives  in  their  effectiveness  on  steel-on-steel  and  steel-on- 
titaniua.  Tne  ester  containing  10.0  weight  per  cent  heoachlcrebutadiene 
and  tae  ester  containing  1,0  weight  per  cent  perfiuorobutyric  acid  are 
nov  ve  stesl-on-titaniua  lubricants  at  the  one  kilogr'an  load  in 

the  fc-’r-o.ll  wear  i.wster.  Cf  tne  exorese-pressuro  type  eior^ives  evalu- 
ated in  the  two  types  bearing  systeas,  Aroclor  1246  and  pcrfl\icrebutyric 
acid  are  not  effective  for  steel-on-steel  while  hexachlorobutadiene  and  ! 

perfluorobatyric  acid  are  not  effective  for  steel-en-titani\a.  It  has 
been  suggested  that  the  fluorine  nay  be  a critical  constituent  in  a good  ] 

titanita  lubricant  because  cf  the  ease  of  fomation  of  titanixo  fluoride.  | 

Tnere  is  no  indication  that  perfluorobutyric  acid  is  effective.  Similarly* 
in  steel-on-steel  syetcas  there  is  no  indication  that  a coiqwxmd  contain- 
ing fluorine  without  chlorine  is  effective.  Compounds  contalring  both  I 

fluorine  and  chlorine  appear  to  oe  particularly  effective  in  both  steel- 
on-steel  end  steel-on-titani\a. 

*1 

A few  tests  have  been  conductea  at  loadings  of  10  and  40  kilo-  ,1 

grans  for  steel-on-titaniua  in  the  four^ball  wear  tester.  These  tests, 
in  general,  eopltaslze  the  extreme  difficulty  in  obtaining  ^od  steel-on-  'I 

titanius  lubrication.  Besults  of  lubrication  teste  in  the  four-ball  | 

wear  tester  using  steel-on-titaniia  alloy  discs  or  balls  are  shown  on 
Table  42.  Several  ccaparative  points  are  given  for  tne  discs  and  the 
balls  on  Table  42.  In  general,  the  tit^iua  alloys  are  scse>4iat  harder  | 

tha.1  the  titaniun  75A  dlsc'issed  previously.  These  data  ^ow  that  steel- 
on-titani\ni  alloy  systems  appear  to  be  core  difficult  to  lubricate,  in 
general,  than  steel-on-titaniixa  75A,  '| 

To  s^rsiarize,  titanium  ^>ecleens  in  the  fom  of  discs  and  balls 
can  be  prepared  to  satisfactory  properties  for  use  as  speclrmns  for  the 
Shell  four-ball  wear  tester.  So  effective  lubricants  lave  been  found  j 

in  these  prelininary  tests  for  titaniia-on-titaniia  bearing  ^rsuess. 

In  general,  conventional  extreme-pressure  lubricant  compositions  show 

soae  degree  of  effectiveness  for  steel-on-titaniua  bearir^g  ^steas.  The  | 

mechanism  by  which  steel-on-titaniua  lubrication  is  achieved  appears  to  -• 

involve,  priaarily,  chefnical  reaction  with  the  steel.  It  would  appear 

that  steel-on-titanius  bearing  loads  c&ight  be  at  least  as  restrictive  ‘j 

and  probably  considerably  more  restrictive  than  steel-on-bronze  bearing  _[ 

loads.  3teel-on-titani\B  alloy  bearing  ^sterns  appear  to  be  some^diat 

more  difficult  to  lubricate  than  stcel-on-titaniua.  .. 
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Table  42 


wSAR  CHAHACTSiaSTICS  0?  SOHS  VITAKIIX  ALLOYS 

Tests  Conducted  in  Shell  Four-Ball  Wear  Tester  for  60  Minutes  at  75‘C. 
Test  Fluid  PBL  3207  * 0.5  Vt.%  I^enothiazine  in  Di-2-Bth7lhexyl  Sebacate. 


1 

Wt.i'  Additive  in  ?RL  320? 

Bearing  Systea 

Wear  Scar 
Diaa.,  csa.  at 

1 Kg.  Load 

* 

i 

iCO  *•  .ccroii’lr 

Alloy  m i-SO-A 
Steel-on-Ti  Balls 

1.58 

I 

100  Fluorolube  FS 

Allov  EC  130-B 

Steel-eri-Ti  Balls 
Steel-on-Ti  Discs 

o.a 

l.SO 

T 

1 

10  Fluorolube  ?S 

Steel-on-Ti  Balls 

2.53 

7.5  Santopoid-S 

Steel-on-Ti  Balls 

2.60 

I 

5.0  Ortholcun  202 

Steel-on-Ti  Balls 

0.28 

7" 

Allov  HC  ISO-A 

i. 

100  Fluorolube  FS 

Steel-on-Ti  Balls 
Steel-on-Ti  Discs 

o.so 

1.17 

1 

ICO  Arosler  1348 

Steel-on-Ti  Balls 
Stcel-on-Ti  Discs 

1.80 

2.08 

1: 

5.0  Ortholeua  02 

Steel-on-Ti  Balls 

2.32 

11! 


' j 
' i' 


C.  PUPATION  AND  CORROSICT*  STUD15S.  it  has  been  pointed  out 
previously  that  oxidaticn  and  corrcci^n  properties  are  aaong  the  sost 
critical  for  jet  engine  lubricants.  The  incorporation  of  additives, 
particularly  extrase-pressure  lubricity  additives,  generally  affect 
adversely  the  oxidation  and  corrosion  characteristics  of  e^ers  ar.d 
oineral  oils.  Oxidation  and  corrosion  studies  have  been  conducted  in  the 
aoderate  tesperature  range  (347*F.)  to  detenslne  the  effect  of  >*ario\is 
lubricity  additives,  oxidation  inhibitors,  and  V.I.  ieprovers  (pclyneric 
additives)  on  esters  and  aineral  oils.  Oxidation  and  co.Tosion  tests  at 
high  teaperatures  (500*F.)  have,  for  tne  aost  part,  been  conducted  on 
essenriaiTy  non-additive  base  stocKs  representing  the-  various  cheaical 
classes  of  fluids  that  show  prooise  as  high  tesperature  fluids  and  lubri- 
cants. 


1.  Phenothiazine  Dirtiness.  Phenothiazinc  is  being  used  widely 
as  an  oxidation  inhibitor  for  ^mthetic  hydraulic  fluids  and  lutrice.its 
of  the  ester  type.  Phenothiazinc  has  been  found,  in  this  application,  to 
be  asong  the  nost  effective  high  teaperature  oxidation  inhibitors,  in 
terras  of  stable  life  or  induction  period  of  the  fluid.  Phenothiazine  does, 
.howsver,  have  one  cneiracteristic  which  is  typical  of  all  of  the  anine  type 
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oxidation  inhibitors  evaluated  by  this  Laboratory.  Tnat  is,  phenothia-  • 

zine  or  other  anine  oypc  inhibitors  have  a tendency  to  cause  a daiiccning 
of  the  fluid  and  to  fora  a trace  of  solid  material  within  the  stable 

life  or  induction  period  of  the  fluid.  This  phenocenon  is  referred  tc  | 

as  ’*trace  dirtiness”  in  this  discussion.  There  is  evidence  that  trace 
dirtiness  due  to  phenothiazine  is  encountered  in  essentially  all  of  the 
relatively  severe  accelerated  laboratory  oxidation  and  corrosion  tests.  I 

This  is  narticularly  true  in  the  Spec.  MIL~L-6387  and  KIL-Lr-780S  oxida-  [ 

tion  tests  conducted  at  3L‘7®F.  for  72  hours.  Bvi.luation  of  esters 

inhibited  'with  hindereo  phenol  type  oxidation  inliibitars  (Parar.ox  411  i 

and  A.’*  iox-'jfiant  224o)  shows  «sentially  no  trace  dirtiness  wi.thin  the  j 

stable  ] .*•  -r  inJu>,t..on  period  at  tesperatures  of  250*  to  These 

data  indicate  that  trie  trace  dirtiness  is  a function  cf  the  pnenothiazine 
rather  tnan  the  ester  case  oil.  | 

The  rfright  Air  Developcent  Center  and  several  users  of  pheno- 
thiazine inhibited  Spec.  MIL-L-780S  type  lubricarts  have  indicated  that 
trace  dirtiness  occurs  in  actiial  Ixibricant  ^stess.  The  source  of  this  j 

dirtiness  noted  in  service  vise  is  ouch  core  difficult  to  locate  and 

characcerize  than  in  the  laboratory  accelerated  oxidation  and  corrosion  , 

tests.  This  Laboratory  has  criticaliy  revaluated  scce  of  the  oxidation  { 

and  corrosion  data  for  phenothiazine-inhibited  esters  to  detemlne  any 
"trace  dirtiness"  and  its  relationship  to  phenothiazine. 

i 

A series  of  stable  life  type  oxidation  and  corrosion  tests  . ! 

have  been  carried  out  with  phenothiazine-inhibited  di-2-ethylhe3yl 

sebacate  (PHL  3371).  The  concentration  of  phenothiazine  was  increased  i 

stepwise  from  0.1  to  2.0  weight  per  cent  in  this  series  of  tests,  j 

These  data  are  shown  cn  Table  43*  It  can  be  noted  that  the  effect  of 
increased  concentration  of  phenothiazine  on  stable  life  is  essentially  . 

lii..iar.  That  is,  doubling  the  phenothiazine  concentration,  within  this  j 

concentration  range,  essentially  doubles  stable  life.  This  trend  has  ' 

been  noted  end  discussed  in  previous  reports  free  this  Laboratory.  The 
'J  interest  in  this  discussion  is  in  the  sacrifice  in  properties,  if  ary,  1 

that  result  froa  obtaining  increased  stable  life  by  increased  asounts  .1 

j of  phenothiazine.  For  the  aost  part,  the  fluids  t -oa  the  oxidation 

{ tests  shown  on  Table  43  have  exceeded  the  stable  life,  or  induction  | 

i period,  and  are  in  about  the  saae  state  of  incloient  oxidation,  as  Judged  | 

j by  overall  property  dctcricraticn. 

i A 20-hour  oxidation  test  wiun  an  uninhibited  di-2-ethylhexyl  ^ 

I sebacate  saaple  is  shown  as  a basis  of  ccQ>arison.  This  uninhibited  - - 

sample  shows  essentially  the  same  degree  of  oxidation  on  the  basis  of 
viscosity  and  neutralization  nvaber  changes.  The  major  difference, 

I however,  is  in  the  oil  insolubles  loraed  and  the  condition  of  the 

metal  catalysts.  Tnere  are  no  oil  insolubles  in  the  uidnhibited 
PRL  3371  sample  and  the  metal  catalysts  show  no  signs  of  coating. 

The  samples  containing  ^cnothiazine  all  show  scese  oil 
insolubles  and  metal  coating  trends.  The  amount  cf  oil  insolubles  and 
the  metal  coating  tendencies  increase  witli  increasing  phenothiazine 
concentration.  Tnese  data  would  indicate  that  steps  in  ester  refinirig 
would  be  preferable  to  increasing  the  phenothiazine  concentration  in 
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order  to  acnieve  a given  stable  life  or  induction  period.  Previous 
reports,  e.g.  ?RL  indicate  that  overall  fluid  stability- 

can  be  achieved  by  cither  increased  oxidation  inhibitor  c-'ncentration, 
or  by  icproved  refining  and  purification  procedures  for  the  bulk  ingredi- 
ents of  the  fluid. 

The  discussion,  thxis  far^  has  been  concerned  with  stable  life 
tes's.  A series  of  Spec.  oxidation  and  corrosion  tests  at 

347V.  for  72  hours  have  been  conducted  with  di-2-ethylhe:Q^l  sebacate 
containing  varying  percentages  of  phenothiazine.  Tnese  data  shown  on 
Table  .j4.  The  fluids  fros  these  tests  are  all  well  witain  the  induction 
periv.;.  There  is  no  appreciable  difference  in  the  trace  dirtiness 
c^iar  ''.eristics  c''  these  three  test  fluids  Con^cilning  frui  0.5  to  2.^ 
weirit  per  cent  ph  .othiazine  in  the  72  hour  Spec.  MIL-L-7S08  oxidation 
and  corrosion  test. 

Trace  dirtiness  characteristics  of  phenothiazine-inhlbited 
esters  have  also  been  evaluated  at  tc/aperatures  of  400*  and  500*?. 

Tnese  tests  have  been  conducted  in  accordance  with  the  general  procedxxres 
and  techniques  of  Spec.  K11/-L-7808.  Tests  at  500*P.  were  conducted 
without  the  cagneslta  cetal  catalyst.  It  has  been  found  that  cagnesius 
corrosion  becomes  trouolesoae  at  400*F.  a^id  above,  particularly  if  an 
appreciable  amount  of  oxidation  occurs. 

The  data  for  400®?.  oxidation  tests  with  3371  containing 
0.5j  i.O  and  2.0  weignt  per  cent  phenothiazine,  respectively,  arc  shown 
on  Table  45.  These  are  stable  life  tests  in  which  the  stable  life  has 
been  exceeded  in  each  case.  As  in  the  case  of  the  similar  data  at 
347*?.,  the  change  in  viscosity  and  neutralization  nuaber  indicate 
about  the  same  degiee  of  oxidation.  The  oil  insoluble  eaterial  and  metal 
coatings  show  an  increase  with  increasing  phenothiazine  concentration. 

Here  extensive  oxidati<»}  and  corrosion  testing  has  been  con- 
ducted  at  500®?.  on  phenothiazine-inhibited  esters.  At  500*?.  the  pheno- 
thiazine-inhibited  esters  have  essentially  no  stable  life  or  induction 
period.  Tne  effect  of  the  i^enothiazinc  is  to  slow  down  the  rate  of 
oxidation  t'ather  tnaii  to  prevent  oxidation,  as  is  the  case  in  the  con- 
ventional induction  period  at  lower  t«^eratures. 

The  effect  of  pnenothiazine  concentration  has  been  evaluated 
at  500*?.  in  a 30  hour  test.  These  data  are  shown  on  Table  46.  The 
infomation  ootained  at  500*F.  includes  quantitative  data  cn  the  amount 
of  co^gen  absorbed  during  the  test.  Topical  co^gen  absorption  data 
given  on  Table  46  are  shown  in  Figure  24.  These  rate  data  show  that  the 
amount  of  oj^gen  absorbed  decreases  with  increasing  phenothiazijie  concen- 
tration over  the  concentration  z^nge  of  0.5  to  2.0  weight  per  cent.  The 
data  for  tiie  axidatior.  of  KIL  3371  without  an  inhibitor  for  30  houra  at 
500®?.  ^are  shown  on  Table  47.  The  oxidation  rate  for  the  blend  containing 
0.5  weight  per  cent  phenothiazine  is  approximately  6C  per  cent  of  the 
oxidation  rate  of  the  tsiinhibited  5^  3371.  These  data  again  prei>ent  a 
valid  reason  for  the  use  of  phenothiazine  in  esters  as  oxioatior  i.ihibitors 
at  500®?: 
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In  comparing  the  results  at  500®F.,  it  can  be  noted  that  ackii- 
tionai  columns  are  aaded  for  the  values  of  isopentane  insolubles  ana  the 
viscosity  charge  after  reiaoval  of  isopentane  insolubles.  These  properties 
are  in  effect  an  additional  measure  of  dirtiness  vdiich  could  be  called 
potential  dirtiness.  A suudy  of  the  solubility  of  oxidized  ester  products 
indicates  thac  escer  oatenals  which  are  highly  oxidized  are  insoluble  in 
the  original  ester  and  in  isopentane.  Sster  materials  underling  only 
flight  oxidation  remain  soluble  in  the  original  ester  and  in  isopentane. 
During  the  course  of  the  oxidation^  however,  the  oxidized  portion  of 
tne  estex  passes  through  a stage  of  inten&ediatc  oxidation  in  wdiich  the 
material  is  soluble  in  the  original  ester,  but  insoluble  in  isopentane. 

Av  thl-  of  sxiaation  the  x&dlerials  are  approaching  sludge,  or  ester 

insol’.d)loa,  r??idiy.  In  the  isopenWie  irisoluble  stage,  material 
causes  ratner  large  vi'-cosity  increases. 

The  data  shovn  on  Table  IJb  Indicate  that  while  the  amount  of 
o:?ygen  absorbed  deczeases  with  increasing  phenothiazine  concentration, 

Ihe  amounts  of  oil  insolxibles  and  isopt.ntane  insolubles  increase.  It 
can  be  seen  that  the  oil  soluble-isopentane  insoluble  portion  of  the 
oxidized  fluid  causes  the  majority  of  the  viscosity  ixxcrease  in  the 
oxidized  fluid.  These  data  show  the  effect  of  phenothiazlne  concentra' 
tion  under  a given  set  of  test  conditions  at  506*F.  Report  PRb  5.S-Scp53 
contains  a discussion  of  the  coimarison  of  oxidation  of  fluids  at  500*F. 
as  a function  of  oxygen  absorbed  and  test  time. 

Oxidation  and  corrosion  results  at  500*F.  as  a function  of 
oxygen  absorbed  and  test  time  for  di-2-ethylhexyl  sebacate  (PEL  3371) 
uninhibited,  and  with  0.5  ^'^’ight  per  cent  phenothiazlne  present,  are 
shown  on  Table  4?«  A ccaparison  of  the  rate  of  oxygen  absorption 
indicates  that  the  phenothiazlne  shows  a big  effect  in  reducing  oxygen 
absoi*ption.  This  effect  is  a oaxisum  at  the  start  of  the  test  .jxd 
t^ers  off  as  the  test  progresses.  Ihe  cooparison  can  only  be  carried 
successfully  to  the  point  at  which  the  uninhibited  ester  is  oxidized 
to  essentially  a solid  sludge.  The  effect  of  the  phenothiazine  appears 
to  persist  to  a measurable  extent  to  this  point.  The  relative  rates 
of  oxygen  absorption  witu  artd  without  pbenotldazine  are  shown  in  Figxxre 
25. 

Ccaparison  of  dirtiness  (Table  47)  on  a time  basis  indicates 
that  the  uninhibited  and  inhibited  fluid  exnibit  about  the  same  degree 
of  dirtiness  after  12  hours  test  time,  but  frera  12  hours  upward  the 
rate  of  sludge  foxmation  is  abcxzt  twice  as  rapid  for  the  uninhibited 
fluid.  That  is,  the  uniiihibiled  fluid  is  oxidized  to  a solid  at  room 
temperature  in  30  hours  ccepared  to  60  hours  for  the  {henothiazine- 
inhibited  fluid.  At  this  point  where  the  fluids  becccc  solid,  about 
the  same  amoxxnt  of  cj^gen  has  been  absorbed  by  both  the  inhibited  and 
uninhibited  fluids, 

A more  interesting  ccoparison  for  dirtiness  can  be  made  by 
ccQparing  the  inhibited  and  uninhibited  fluids  at  the  same  values  of 
o^QTgen  absorbed.  At  a value  of  1.3  soles  of  oxygen  absorbea  per  mole 
of  ester  (426  glass),  the  uraiuiibited  ester  shows  0.1  weight  per  cent 
insolubles  and  2.1  weight  per  cent  isopentane  insolubles  conpaiad 
with  0.8  weight  per  cent  oil  insolubles  and  6.9  weight  per  cent 
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isopentane  insolubles  for  the  innibited  ester.  The  reproducibility  of 
the  500*F.  oxidation  and  corrosion  tests  is  such  that  these  may  be 
considered  significant  differences.  With  increased  oxygen  absorbed, 
the  differences  bet>*een  the  inhibited  and  uninhibited  beccoe  less  until, 
as  pointed  out  above,  both  fluids  result  in  a solid  at  the  same  value 
of  about  2.5  noles  of  oxygen  absorbed  per  cole  of  ester. 

The  overall  effect  of  increasing  the  phenothiazine  concentration 
to  ct  least  2.0  weight  per  cent  is  to  improve  the  stable  life  or  iMuction 
period.  At  te^ratures  of  500*F.,  where  the  induction  period  or  stable 
life  is  too  short  to  measure  as  a significant  number,  increased  fdienothia- 
zin*  >cncentr?+’ ^n  is  effective  in  reducing  the  rate  of  oxidation.  The 
eiVv-.  t oi  the  pi.^..othia2inc  shows  good  persistence  for  periods  of  ^0  to 
6C  noiirs  at  500^F.  AH  accelerated  oxidation  and  corrosion  conditions 
give  indication  of  "trace  dirtiness"  within  the  stable  life  of  the  fluid. 
There  are  indications  that  this  "trace  dirtiness"  increases  with  increas- 
ing amounts  of  phenothiazine. 

In  all  cases  evaluated  in  the  region  of  incipient  oxidation, 
uninhibited  di-2-ethylhexyl  sebacate  appears  to  be  cleaner  on  oxidation 
than  a phenotniazine-lnhitd.ted  di-2-ethylhexyl  sebacate.  Analysis  of 
the  oxidation  products  indicates  that  the  presence  of  phenothiazine 
concentrates  the  effects  of  incipient  oxidation  on  a relatively  few 
ester  molecules  causing  sludge,  >diile  in  the  uninhibited  ester,  the  same 
aocant  of  oxygen  is  spread  out  over  a much  larger  portion  of  the  molecules 
xesulting  in  some  viscosity  increase  but  less  sludge.  These  data  would 
indicate,  in  general,  that  it  is  desirable  to  obtain  as  much  inherent 
stability  as  possible  by  ester  and  bulk  fluid  refining  so  that  the  con- 
centration of  ^enothiazine  ssy  be  held  to  a minimus. 

2.  Effect  of  Phosphorus  Type  Lubricity  Additives  on  500*F. 
Oxidation  and  Corrosion  Stability  of  Sster-Base  Cccoositlons.  Oxidation 
and  corrosion  test  data  for  phenothiazine-inhibited  ester-base  fluids 
are  dls<ni«;sed  in  report  PRL  5-6-Sep53.  Additional  tests  have  been  con- 
ducted at  500*F.  on  coaplete  lubricant  formulations  as  a basis  of  cccs- 
parison  with  the  b^xavlor  of  the  Inhibited  base  stock.  The  effect  of 
pnosphorus-containing  lubricity  additives  on  completed  luoilcant  foimu- 
laticns  has  been  emphasized  in  these  tests.  I^ta  with  a typical  synthetic 
lubricant  fozmulation  (PHL  3l6l)  at  500*F.  are  shown  on  Table  IS  along 
with  similar  data  for  the  phenothiazine-inhibited  ester  (PEL  3207).  It 
can  be  seen  that  oxidative  deterioration  of  PRL  31^1  Is  more  ssvere, 
xinder  comparable  test  conditions,  than  that  of  the  phenothiazine- 
inhibited  di-2-€thylhe:grl  sebacate. 


The  additives  present  in  PHL  3161,  which  are  z»t  ccmpcncr.ts 
of  the  phercthiazine-inhibited  ester,  are  the  Acryloid  polymeric  addi- 
tive and  the  oricres>l  phosphate  anti-wear  additive.  These  two  addi- 
tives have,  therefore,  been  added  separately  to  the  phenothiazine- 
inhibited  di-2-ethylh€3Qrl  sebacate  base  stock  (PRL  3207).  Oxidation 
and  corrosion  data  at  500*F.  for  these  compositions  are  shown  on 
Table  43. 
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Table  44 


S??£CT  OF  PHaiOTHIAZIKS  CO)iC£STR>TI{»i  OH  OHDATiOH  AND  COKHOSION 
PROPERTIES  OF  Dl-2-ETHIIiiEXIL  SBBACATS  AT  347®?. 

T£S'i  Fi«C£3lSCS  USO  TECMMIC’JSS  IX  ACC0<t&A!(C£  VltM  Sf£C.  MIL-L.$^7. 

TEST  COOtTICXS  IxaU&E:  TEST  TEJ^RATORE  - >4?  t 3*F.;  AIR  RATE  • 10  t I LITERS  ftR  KOUR; 

TEST  T:X£  « 72  )*OyR$;  CATAL<^T  - A I IXCH  S9<^  EACH  CT  ICTiU^ 
IXOICATEO. _ 


.£3^  *-*'0 

0|.2.£THYLH£X»L  SEBACATE  (PRL  ^71)  1 

CC’iCE',':'  ■'lOH.  VT.< 

O.S 

1.0 

2.0 

LtCOia  vHLRGE,  SPAMS 

91 

9= 

93 

LlCCio  LOSS, 

( CHAXSE  IN  CENTISTOIZ  VISCOSITY 

AFTER  KHCYAL  OF  OIL  l*SOLUBL£  KATERIAL'** 

2 

3 

0 

AT  IJO-F. 

♦2 

*? 

+5 

J^ER  REKOVAL  OF  ISOPEHTANE  IISOLUsLE  KATERIAL^^^ 

415 

AT  I30*F. 

+3 

44 

£U7.  HO.  (KS.  KQH/OM.  OIL) 

ORISINAL 

0.1 

0.1 

FIHAL 

1.3 

0.6 

A.S.T.N.  ONtCH  COLOR 

ORIGINAL 

FIKAl 

>3 

1 

>6 

yr.jl  ciL  i«s?.niE  luiCiitM. 

0.6 

TRACE 

<P.i  ISOPtnUE  MitSIU. 

1.2 

1.6 

0.2 

FIKAL  CATALYST  COhOITION 

APPEASAHCE 

COPPER 

Dua 

WIL 

cua 

STEEL 

DULL 

CULL 

CJLL 

AlUKIICN 

oua 

DULL 

bRICMT 

KA&XL3IUK 

sribkt 

Dua 

SRIGrT 

VT.  LOSS  (N6./S1,  » J 

CCfPER 

0.00 

4C,0* 

0.12 

STEEL 

0.00 

40.06 

0.02 

al';mikum 

40.02 

40.08 

O.QO 

KASXESIUN 

0.00 

40.03 

0.03 

(I)  OIL  IKSOLUSLE  IUTeRIAL  is  RENOYEO  BT  CEHTRIFUeiKS  OAIBIZEP  FLUID  IKHEOIATELY  ^FTER  COK. 
PLtUOX  OF  TEST.  THE  OIL  IKS0LU5LCS  ARE  VASICD  WITH  A LOV  BOlLUC  PETRSLEUK  UAPMTHA  AU 
CRIES  SEFO^f  MEI6HIXS. 

(21  THE  ISOPEKTAXE  ikS7JJ3lE  KATERIAL  SS  REPORTEv  AS  T:{  SUK  OF  TkE  OIL  IRSOLUBLE  KATERIAL  h.US 
THE  iSOPEHTASE  IKSSLmE  KATERIAL.  ISOPEKTAmE  IKSDLVSLE  MATERIAL  1$  DETERIIIED  BY  OISSOL/iXS 
A SAMPLE  OF  OXICIZEO  FLUID  (FRCH  VRICH  TXE  OIL  IKSOLUBIES  KAYE  SEEM  REKOYEO)  IN  iSOPEKTAK 
AXO  XEISHIKS  TKE  IKSOlUBlt  MATERIAL  VRICH  SETTLES  OST. 
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Table  41 


^FSCT  0?  ?K2N0THii‘21KS  COKCSSTHATIO*  Oil  QXIDATI(»t  AKD  CORROSION 
STABIUIY  Of  Dl-2-i?rK3aHEDClL  SSBACAT3  AT  400*f . 

TEST  PaOC'OUSE  AXO  TECHNIQUES  IS  ACCOR&AXCC  WITH  SPEC.  KIL-US^S?. 

.CiT  t;**'  Tisas  test  TE^^RATU^  - <CDt4*r.;  TEST  TIHE  AS  IKDICA1E2;  AIR  RATE  *• 

10  ♦ » LJTcRO  ?t2  TIS^  fiUlO  - 100  W..;  A^O  CATALYST  - A 

i INCH  SQUARE  EACH  Cf  METALS  INflCATtD. 

TEST  f LID  PRL  53?l  - PI-  ETHYLKAYL  SE8ACATE  (n.AST|CI2ER  CRAPE). 


i TEST  aUlD 
i PtChOTHIAZINE,  VT.^ 

TEST  TIME,  HOURS 
APPROX.  STAtLE  LIFE.  HOURS 


% CHANCE  IN  VISCOSITY 

AT  I30*r. 

♦23 

AT  0*F. 

♦52 

NEUT.  NO.  (NS.  COH/GM.  OIL): 

CRIGINAL 

0.3 

FINAL 

12.7 

A.S.T.M.  UNION  COLCR 

{SI6INAL 

Ul/i 

FINAL 

>8 

VT.f  IQOllliLe  HtTCIIim. 

1.7 

final  catalyst  CONDITION 

appearance 

COPPER 

OULL 

STEEL 

OL’a 

ALUKiruM 

vvkL 

KASKESIUN 

OCIL 

WT.  LOSS  (KS./SQ.  CM.) 

COPPER 

o.:6 

STECk 

0.00 

alwikum 

♦0.0^ 

HASNESIlff 

0.00 

4 


\ 

\ 

^ Table  46 

i TKS  mFSCT  Or  PHSH0THIA2IK3  COKCENTRATIOb  ON  OXIDATION  AND  CORROSION 

I CHARACTERISTICS  OF  D1-2-21KXLHEXYL  SEBACATS  AT  500*F. 

t TE^T  PPOCESO^S  AKO  TECPSHSISS  IS  KCViikkU  •!’*<  $PE«.  HlL-L-6587. 

I T£*^  .0V0!T!CSS  I’^aUSE:  TEST  T£Mlt(UTt,S£  « 500  ± 5*F.;  AIS  RATE  - J + O.5  LITERS  PER  HOUR, 

I TEST  TIME  - 30  HOURS;  TEST  FLUID  CiARSEO  - 100  ML.;  CATALYST  « A 

r I ihCri  SQUARE  Cf  EACn  KcTAL  ihSICATEB.  


TfST  FLU’O 

DI-2^THYLKEXiL  StBACATE  (PRl  S)?!)  1 

phekoi conjekipatiok.  vr.i 

o.% 

1.0 

2.0 

LIQ«i!*  0'«^cEJ,  GRAMS 

90 

90 

LIQUtO  .OSS,  vr.i 

9 

7 

1 

ArPROX.  AnOiihT  OF  uj  SijPri.iEw, 

59.9 

39.? 

39.3 

APFUOX.  AMOUNT  OF  0^  USED. 

S.7 

S.l 

D,7 

HOLS  Oj  ato/HOi  esiw  (ttfi  on.) 

i C«i«SE  In  YISCOSIIY 

iFTED  KEKOVM.  of  OIL  IKOOL03LE  XtlEKIU.'^* 

1.30 

1.21 

1.00 

AT  I30»F. 

+11& 

♦56 

♦32 

AFTER  removal  OF  ISOPENTANE  (NSOLUBLE  MATERIAL^?^ 

♦240 

• 

AT  I30*«. 

♦51 

♦16 

♦S 

M;V(.  Nv.  iMS.  rOH/GS.  OIL) 

ORieiNAL 

0.1 

0.1 

O.i 

FINAL 

16.0 

l?.> 

7.6 

OIL  IKSOlOtLE  WHESIHl'^l 

0.8 

10.9 

10.8 

VT.^  ISCPCNTAtf  insoluble  MATERIAL WF 

6.9 

15.’ 

14.2 

FINAL  CAT;.,YST  CCSSITlOS 

APPEARAsa 

COPPER 

DULL 

COATED 

COATED 

steel 

COATED 

DULL 

DULL 

aluminum 

SPIGKT 

DULL 

BULL 

VT.  LOSS  (MG,/S«,  CM.) 

COPPER 

0.07 

♦0.17 

♦0.18 

STEEL 

♦0.23 

0.0> 

♦0.05 

A1!P«INUK 

0.00 

0.00 

0.00 

(!)  AKSsa  Sf  OXT6E1I  SCPPIIEO  CALCCUTEO  as  rOLLOUS:  AIR  RATE  (L./FR.  AT  S.T.?.,  A TIME  (HR.) 

X O;  COIiTEia  (FRACTION)  Y I.A3  (SK./LlTER).  AMOVM  OF  OXYGEN  CONSUMED  DETERNI>CL  SY  FREQUENT 

SAKI>LINS  OF  CXHA;Sr  cases  AxO  analysis  for  Q2' 

(2)  OIL  IXSOLUSIE  MATERIAL  IS  RtKOVEO  BY  CENTRIFUGING  OXIDIZED  OIL  IMSDiATELY  AFTER  •‘CMPLETIOX 
OF  TEST.  TtC  OIL  IKSOLUSLES  ARE  VASllO  VITM  A LOtf  BOILIkS  PCTRGIEUN  NAPHTHA  AND  DRIED  SEFCRE 
VEICNINS. 

(3)  Tl£  |S0^RTA«E  ■•(SCLU^l.E  MATERIAL  IS  REPORTED  AS  Ti{  $‘JM  OF  TH£  OIL  iNSOLUSLE  MATERIAL  PLUS 
THE  ISOPENTANE  IRSOLUSLE  MATERIAL.  ISOPENTAIC  iNSOLUSU  MATERIAL  IS  OETERMIKED  BY  DISSOLVING 
A SAMri.£  CF'TKE  OriOlZEO  FLUID  (FROM  VMICN  THE  OIL  IXSOLUICLES  hAV£  BEEN  REROYEO)  Ik  ISOPENTANE 
AKO  vri&HiKS  Tie  IKSSLUSLE  material  VHICK  StmES  OUT. 
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'iost  TixR«*,  Hourf. 


Figure  25 

EFFECT  OF  PHEN0TH1A2INB  OH  OXYGEN  ABSORPTION  AT  500*-^. 

TCSr  PfiOCEOURCS  MO  7ECHKIQUCS  IN  ACCOftOANCC  WITH  SPEC.  HtL-L>7908. 


Tost  Tljno,  Hours 


iabie  4U 

Ei-’FECT  OF  TKlGREiJiL  PHOSPHA'iFl  ON  OXIDATION  AND  COHROSIOK  A?  500"?. 
Teat  Coriditions:  Teat  Time  - 20  Hi-s.;  Air  Rate  = 5 l./hr.;  Test  Fluid  == 


iOO  ml.j  Catalyst  - a 1 Inch  Squai'e  of  Es.oh  Metal. 
Test  Fluid  = U.l)  V/t,.^  Phene thlazine  in  Di-2-Ethylhcxyl  Scbacate. 


Tricresyl  Phosphate,  Wl.JIs 
Aciyloid  HF-25,  Wt.35 

- 

5.0 

3.9 

5.0^1-) 

3.9 

% VIlc.  CEoiigc  130®F. 

Oi..  Insol.  Removed 

+44 

+118 

-13 

+32 

■ '>r>pintane  Tn-oi.  Removed 

+4 

+79 

-22 

-23 

Neul.  No.  Increase 

15.3 

15.2 

13.6 

13.3 

Wt,^  Oil  insolubles 

0.1 

3.6 

0.2 

3.3 

Wt.$  Isopentane  Insolubles 

4.8 

8.3 

3.5 

8.6 

Catalj'^st  Loss  (Mg./Sq.  Cm.) 

Copper 

0.08 

0.05 

0.05 

0.60 

Steel 

0.00 

+0.07 

♦0.04 

+0.02 

Aluminum 

0.00 

+0.04 

0.00 

0.00 

(l)  This  blend  is  equivalent  to  the  finished  fluid,  FRL  3161. 


These  data  indicate  th^t  the  increased  oxidative  deterioration 
is  due  to  the  tricresyl  phosphate  anti-wear  additive.  The  presence  of 
the  Aciyloid  has  no  deleterious  effect  on  the  oxidation  stability  of  the 
fluid.  The  blend  containing  the  /»cryloid  shows  a viscosity  loss,  or 
less  viscosity  increase,  on  oxidation  than  does  the  phenothiazine- 
inhibited  cater.  It  has  previously  been  shown  that  these  viscosity 
changes  are  due  to  the  thermal  properties  of  the  Acryloid  polymer  and  are 
not  a direct  function  of  oxidation. 

The  500*F.  oxidation  and  corrosion  tests  have  been  extended 
to  include  PHL  3l6l  type  fomulations  containing  alkyl  acid  phosphates 
and  phosphites.  These  oxidation  and  corrosion  results  are  shown  on 
Tables  49,  50  and  51.  A brief  summary  of  test  reproducibility  may  be 
helpful  in  understanding  these  data.  Test  results  at  500®F.  indicate 
that  the  deterioration  noted  in  a given  test  is  probably  better  eaqjressed 
as  a function  of  oxygen  assimilated  than  as  a function  of  test  time. 

Figure  26  shows  a typical  plot  of  deterioration  properties 
for  phenothlazine-inhibited  di-2-ethylhexyl  sebacate  (PRL  320?)  as  a 
ftinction  of  oxygen  absorbed.  These  data  have  previously  been  presented 
in  table  form  as  Table  26  of  report  PRL  5.8-Sep53.  These  data  indicate 
that  property  changes,  such  as  sludge  formation  and  neutralization 
number,  are  relatively  gradual  over  the  range  of  0.5  to  1.5  moles  of 
oxygen  absorbed  per  mole  of  di-2-ethylhexyl  sebacate.  The  molecular 
weight  of  di-2-ethylhexyl  sebacate  is  426  grams.  The  viscosity  change 
over  the  same  rant  of  oxygen  absorption  is  included  on  Figure  26. 

Since  dirtiness  is  the  primary  point  of  comparison  between  the  ester  base 


CoP'^ 
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stock  and  rxw  a plot  of  Isupsntane  insolubles  versus  oxygen  assimi- 

lated is  chovm  on  Figure  27.  Similar  values  for  che  ester  (taken  frco 
figure  Oi}  are  snowi  for  ucaparison.  These  data  indicate  the  strikirig 
difference  in  the  rate  of  formation  of  isopentane  insolubles. 

The  estimated  overall  oduclo>J.ity  of  measurement  of  the 
o-Wgen  absorbed  using  the  test  techniques  described  in  report  PRL  5.^Sep53 
is  sho.Ti  on  Figure  2?.  These  limits  are  determined  by  ccnbined  range 
in  erro.'s  estimated  for  the  measurement  of  air  rate  and  the  tjialysis  of 
the  exhaust  gas  for  oxygen  content  in  the  range  of  test  severity  noted  Twr 
the  data  on  Tables  49,  W and  51.  It  can  be  seen  that  for  the  same 
renroducibliity  of  the  test  procedures,  the  PRb  3l6l  fluid  shows  a much 
wider  ra*,'^‘i  in  th**  v^»’ues  of  sludge  foxmation  than  does  the  ester.  In 
ccmparir  ^ -ne  reiati  • rates  of  oxygen  assimilation  on  faoie  it  can 
be  seep  vhat  much  vade*  limits  of  reproducibility  are  encountered  if  the 
ccoparative  tests  are  based  on  tine  alone,  without  regard  to  the  rate  of 
oxygen  assimilation. 

The  effect  of  varying  the  concentration  of  tricre^l  phosphate 
ana  alkyl  acid  phosphites  in  a 20  ho\ir,  500*F.  oxidation  and  corrosion 
test  is  shown  on  Table  49.  Two  batches  of  di-2-'Cthylhexyl  sebacate  have 
been  used  for  these  studies.  Both  batches  of  ester  show  essentially 
identical  physical  properties  and  chemical  stability.  AH  of  the  blends 
shown  on  Table  49,  >diich  contain  tricresyl  phosphate  or  an  alkyl  acid 
ohos(^te,  show  an  increased  tendency  Vo  form  sludge.  The  blends  con- 
taining tricresyl  phosphate  do  not  shew  an  increase  in  sludge  forming 
tendencies  «ith  increasing  tricrejyl  lAosphate  concentration  in  the 
range  of  1 to  5 P®r  cent.  The  differences  in  sludge  values  for  blends 
containing  tricresyl  phosphate  as  noted  for  (1)  the  different  grades  of 
ester,  (2)  various  concentrations  of  tricre^l  phosphate,  and  (3)  tests 
with  cr  without  metal  catalysts  are  within  the  overall  reproaucibility 
limits  indicated  in  the  previous  discussion  of  figure  2’/, 

Some  trends  are  evident  in  xhe  case  of  the  blends  containing 
aixyl  acid  phosphites  ac  shown  on  Table  49.  Increasing  the  concentration 
of  alkyl  acid  phosphite  from  0.1  to  1.0  vei^t  per  cent  causes  increased 
sludge  formation.  For  a given  acid  phosphite  concentration,  the  amount 
of  sludge  formed  decreases  with  increasing  size  of  the  alkyl  group. 

The  effectiveness  of  the  alkyl  acid  phosphite  as  a lubricit-y  additive 
and  as  a synergist  for  oxidation  inhibition  also  decreases  with  increasing 
size  of  the  alkyl  group.  Tnere  appears  to  be  no  significant  difference 
in  sludging  tei^encies  between  5CC*P.  oxidation  tests  conducted  with  and 
without  metal  catalysts.  Scce  aiinor  differences  can  be  seen  between  the 
blends  with  t.ne  saae  additive  concentrations  but  different  batches  of  di- 
2-ethylhexyl  sebacate. 

The  data  discussed  above  were  obtained  using  i^enothiaziiw  as 
the  oxidation  inhibitor.  Additional  data  for  blends  containing  Paranox 
441  in  conjunction  with  a:\  alkyl  acid  phosphite  as  the  oxidation  inhibitor 
are  shown  on  Table  50.  These  data  indicate  about  the  same  dirtiness  level 
as  the  coiTesp<>nding  blend  containing  the  phenothiazine  instead  of  the 
Paranox  441.  That  is,  a change  of  oxidation  ir.hibitor  does  not  change 
the  basic  dirtiness  characteristics  of  the  alkyl  acid  phosphites. 
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Data  on  the  dirtiness  cnaracteristics  of  ester  blends  contain- 
ing an  alJqrl  acid  phosphate  are  shown  on  Table  51.  The  composition 
evalxiated  in  this  study  is  PliL  3313,  »diich  contains  0.5  weight  per  cent 
of  a comerciai  aixyl  acid  piiospAiate  (Orthoieua  162).  This  is  believed 
to  be  a lauryl  acia  phosphate  ccc^siticn.  PHI  3313A  is  a fresh  dend 
iLade  up  iissediately  prior  to  the  oxidation  test  frca  raw  materials  avail- 
ab?8  from  the  inventory  of  this  Laboratory,  while  PRL  3313  is  a cosaercial 
caapositicn  prepared  by  the  Hotn  and  Haas  Co2p<uQr  and  stored  for  a period 
of  about  2 years  before  the  evaluations  shown  on  Table  51.  These  data 
show  a very  slight  increased  slttdging  fendcncy  for  the  freshly  prepared 
PEL  3313A  over  a fluid  of  similar  composition  without  the  acid  phosphate 
(riu.  >..'*9).  The  ®EL  3313  shows  excessive  sludge  fomation.  The  relatively 
poor  star-  t ity  of  PEL  33i.3  is  discussed  in  jksl,  Cctail  in  rer»rb 

PEL  5.8-Sep53. 

All  of  the  phosphorus-containing  ester  fluids  evaluated  at 
500*F.  in  an  accelerated  oxidation  test  show  increased  sludging  tendencies. 
The  use  of  Paranox  4JV1  instead  of  ji^enothiasine  does  not  alter  substan- 
tially these  sludge  foming  tersdencies.  There  is  no  appreciable  differ- 
ence in  sludge  forming  tendencies  between  compositions  of  the  PEL  3l6l 
type  prepared  to  the  same  lub  city  level  in  "ihe  one  case  with  5-0  weight 
per  cent  trlcresyl  phosphate  . i in  the  second  case  with  0.1  weight  per 
cent  of  an  alkyl  acid  pho^hitc.  More  studies  ndghi  profitably  be  made 
on  the  themal  and  hydrolytic  effects  involved  in  sludge  formation  of 
ester  blends  containing  alicyX  acid  phosphites. 

3«  Mineral  Oil  Oxidation  Stx^dies.  The  ^.ergistic  effect  of 
alkyl  acid  phosphites  on  hindered  phenols  as  oxidation  irdiibitors  for 
ester  type  ^thetic  fluids  has  been  discussed  in  report  PEL  5.d-Sep53* 
Studies  of  the  alicyX  acid  phosj^te-hindered  phenol  inhibitors  have 
been  extended  to  mineral  oils.  Itiess  studies  are  a part  of  the  revalua- 
tion program  concerned  with  the  oxidation  stability  of  mineral  oils  in 
the  high  temperature  range.  A survey  of  mineral  oil  oxidation  stability 
in  the  range  of  350*  to  500*F.  has  b^n  undertaken  primarily  because  of 
the  current  trerd  toward  the  use  of  closed  hydraulic  ^sterns  for  high 
temperature  applications. 

Tvv>  11*9  of  closed  ^sterns  enables  the  asc'int  of  air  or  oxygen 
present  in  hydraulic  systems  to  be  greatly  reduced.  In  suca  applications, 
oxidation  stability  may  now  be  secondary  to  thermal  stability  in  importance. 
On  the  basis  of  thermal  stability,  it  has  been  shown  in  report  PEL  5»S-Sep53 
that  seme  classes  of  mineral  oils  are  equal  or  superior  to  many  of  the 
synthetic  lubricants  proposed  as  high  temperature  flxiida.  CDddatlon 
studies  at  500*F,  for  mineral  oil  fractions  are  discussed  in  report 
PEL  5.8-Scp53*  lliis  work  indicates  that  under  conditions  of  a limited 
suR>ly  of  oo^en,  the  dsterdoration  of  mineral  oils  is  not  eccessive 
and  in  many  cases  is  Tolerable.  The  tests  presented  here  are  oxida- 
tion and  corrosion  tests  at  3».f*F-  (175*C.).  The  relative  measure  of 
the  stable  life  or  induction  p<;rlod  has  been  studied  most  frequently 
at  317*F.  for  ester  type  fluids. 

Oxidation  tests  at  347*F.  have  been  carried  out  with  well 
refined  naphthenic  mineral  oils.  These  naphthenic  mineral  oils  represent 
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Moloo  Oxygon  Absorbed/ .»26  Qromo  oi'  Fluid 


Figure 


Ab8orbcd//*26  Grojno  of  Fluid 


. 10S3  |H3,/3g.  CH.)  I 

CDfFCI!  O.St  0.7<  0.36  0.50  O.'Ul  - 0.10 

3TECL  0.0(  *0.09  O.Oi  <0.07  0.00  - O.O7 

711IMI3UH  _ _ _ 1®'®*  ®r!2_  '*®r®i_  _®?? L _?i°° 

ICOIICIUOCO  OH  HCXT  FA3E) 


L»  BOILING  PCrROLCOM  NAPKfNA  AHO  OmO  eCFORt  VHOItm, 

(3)  THE  tSOPENTANC  INSOLUSLC  HATCRIAL  IB  RCPORTCO  A3  THE  SUK  OF  THE  OIL  INSOLUBLE  MATERIAL  PLUS  TNE  ISOPENTANE  INSOlUCU  MATCRrAl..  ISOPENTANE 
INSOLUBLE  MATERIAL  IS  DETERHINEO  BY  DISSOLVING  A SAMPLE  OF  OXIOUCO  FLUID  (FROM  VHIGH  THE  OIL  INSOLUBLES  NAVE  BEEN  REMOVED)  IN  ISOPENTANE 
Amo  WEICHINO  the  insoluble  material  VMICN  SITTLES  out.  . ^ ^ io  M ^ ftuv, 

(A)  THE  HOLS  OF  0?  FOR  126  GRAMS  OF  OIL  HAS  BEEN  TABULATED  AS  A COMMON  BASIS  FOK  CCMPARItiO  THE  Og  ABSORBED.  THE  MOLECULAR  WEIGHT  Of  OI-g-ETNYl 


Table  50 

OXIDATION  AND  CORHOSION  CHARACfHRISTICS  OF  DI-2-E'niYUlIiXYL  SmCATIi  Al  5CX)^F. 
(£ST  PROCeOUFiCS  AKO  UCHNIQUCS  IN  A:cOROANCE  with  SPCC.  Klt^UTdOa. 


Table  51 


a good  class  of  low  ^eEperat^a•e  oils  derived  fran  petroleun.  Most  stable 
life  oxidation  studies  previously  zsade  on  this  type  of  nineral  oil  have 
been  carried  out  in  the  temperature  range  of  200*  to  300*F,  Under  these 
conditions,  using  a low  colecular  weight  (gas  oil  fraction)  naphthenic 
oil,  good  oxidation  -j&ability  has  been  noted,  nt  temperatures  above  300*F. 
the  hindered  phenol  type  inhioitors  give  less  protection  in  a naphthenic 
Ijght  cll  fraction  than  can  be  obtained  readily  from  a i»6.x>thiazine- 
inhibited  ester.  The  solubility  of  phenothiazine  in  minei*al  oil  limits 
its  use  here. 

The  data  on  Table  52  show  the  results  of  a Spec.  MIL-Lr-7808 
oxitiatxwn  —'d  corrosion  test  vdth  Voltesso  36  containing  various  oxida- 
tion irJii'n.orr.  Ta**  >iDproximate  stable  life,  or  i::dactlcr.  ^:icd,  is 
sliown  on  Tj,bLe  52  for  c ^parisai.  Reference  data  for  a typical  blei^ 
of  a cccnercial  grade  di-2-eth7lhe3yl  sebacate  inldbitcd  with  0.5  weight 
pc'"  cent  phenothiazine  are  also  shown  as  a basis  of  ccopariscn.  Voltesso 
36  is  a highly  refined  naphtheiiic  white  oil  of  about  10  centistokes  vis- 
cosity at  100*F.  Two  batches  cf  Voltesso  36  (PRl.  3ir56  and  PRL  3151)  are 
used  interchangeably  in  this  studs'. 

Tiie  data  on  Table  52  ind  ‘ate  that  all  cf  the  inhibitors  evalu- 
ated show  some  isprovarent  in  the  . hour  test  over  the  Voltesso  36 
without  an  inhibitor.  Tne  inhiMtor  types  represented  by  the  trade  names 
are:  Paranox  111,  a hirdcred  phenol;  totioxidant  22L6.  a hindered  phenol; 
Paranox  1,  an  alkyl  phenol  sulfide;  and  Lubrizol  328,  a metallic  salt  of 
an  organic  dithicphosphate.  The  only  Inhibitors  showing  a stable  life 
in  excess  of  the  72  hour  test  tioo  are  phenyl  alpha  naphthylaaiae  and 
the  dibutyl  acid  phosphite-hindered  phenol  zalxed  inhildtor.  Hone  of 
these  three  blends  meet  entirely  the  Spec.  HIL-L-7808  cocidatior  and 
corrosion  requirements.  All  three  fluids  would  probably  be  considered 
operational  after  this  72  hour  test. 

The  data  on  Tabic  52  illustrate  the  advantages  of  the  hindered 
phenol-alkyl  acid  phosphite  mixture  as  an  oxidation  inhibitor  for  nineral 
oils.  The  studies  of  the  synergistic  effect  of  the  alkyl  acid  phosphites 
on  Paranox  411  and  on  Antioxidant  2246  are  shown  on  Tables  53  and  54, 
respectively.  These  data  emphasize  the  effect  of  varying  the  size  of 
the  alkyl  group  in  the  alky]  acid  phos;^te.  These  tests  are  stardard 
Spec.  MIL-L-TSOS  oxidation  and  corrosion  tests  of  72  nours*  duration, 
j^ain  the  approximate  stable  life  or  induction  period  of  the  finished 
composition  is  shown  on  Tables  53  and  54  as  a basis  of  comparison. 

The  stable  life  curves  in  which  neutralization  nxsber  is  plotted  as  a 
function  of  time  are  shown  on  Figures  28  and  29- 

Interpretation  of  the  data  on  Table  53  is  semewhat  involved 
ty  the  fact  that  the  tests  shown,  with  the  exception  of  the  two  contairi- 
ing  dimethyl  acid  phosphite  and  dibatyl  acid  phosphite,  indicate  by  the 
firial  neutralization  n\iaber  that  the  point  of  incipient  oxidation  has 
been  reached.  The  effect  of  alkyl  group  size  on  the  dialkyl  phosphite 
appears  to  be  much  less  pronowced  in  the  isineral  oil  than  in  the  di-2- 
ethylhexyi  sebacate  as  reported  in  PRL  5.3-Sep53.  There  is,  however,  a 
trend  to  indicate  that  a decrease  in  alkyl  group  size  improves  both 
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oxidation  stability  and  corrosion  properties  toward  laetals.  The  saaie 
size  aikyi  group  in  a dialkyl  acid  pnosphite  has  correspondingly  less 
coating  or  acre  corrosion  tendency  in  the  Voltesso  36  than  in  the  di-S^- 
ethylhexy}  sebacate. 


The  reduction  of  sludge  fo:=sticn  in  the  Parar.ox  441-allqrl  acid 
phv^sphite  Dler^s  is  app'»*eciable , It  has  been  noted  previously  that  one 
of  the  principle  functions  of  the  acid  phosphite  synergist  in  an  ester 
fluid  is  that  of  a aetai  coating  agent  or  deactivator  in  tne  ester.  For 
tnis  reason,  a blend  of  1.0  weight  per  cent  Paranox  Zwi  in  Voltesso  3b 
has  bten  tested  without  rctal  catalysts.  This  test  shows  signs  cf 
incipieiic  oxidation.  Tnese  tests  indicate  that,  while  r.etal  deactivation 
ray  0-  a functiu,.  of  the  all^l  acid  phospnites,  this  is  not  tn«;  wol.. 
cethanisa  of  the  synergistic  effect  of  the  Paranox  441-<iialJqrl  acid  phos- 
phite inhibitor.  The  very  low  values  of  sludge,  or  dirtiness,  in  the 
Paranox  4W.-dlalkyl  acid  phosphite  additives  are  noteworthy.  The  data 
on  Figure  28  also  emphasize  the  reduced  effect  of  alkyl  group  size  in 
the  dialkyl  acid  phosphites  in  the  aineral  oil  as  coopared  to  the  ester. 

In  a di-2-ethylhe35rl  sebacate  blend  containing  1.0  weight  per  cent  Paranox 
and  0.5  weight  per  cent  d^nlkyl  acid  phosphite,  a stable  life  at 
347*F.  of  65  hours  is  noted  r di-2-ethylhexyl  acid  phosphite  coopared 
with  a stable  life  in  excess  o..  2$0  hours  for  dlacthyl  acid  phosphite. 

The  data  presented  on  Table  54  are  for  the  nineral  oil-alkyl 
acid  phosphite  blends  to  which  Antioxidant  2246  instead  of  Paranox  441 
has  been  added  in  1.0  wei^t  ,.e:  cent  concentration.  The  results  with 
Antioxidant  2246  are  sioilar  to  those  obtained  with  the  saae  base 
riaterials  containing  Paranox  aal  with  two  notable  exertions.  There  is 
an  increase  in  the  stable  life  of  the  fluids  containing  wtioxidant  2246 
over  those  cot.valnirig  Pararox  44”^  as  shown  in  Figure  29.  There  is  also 
an  increase  in  the  dirtiness  tendencies  of  the  blends  containing  the 
Antioxidant  2246.  Tneae  data  indicate  that  :^udge  foncation  during  the 
stable  life,  or  induction  period,  is  enccuntered. 

Data  are  presented  on  Table  55  to  illustrate  the  changes  in 
fluid  properties  encountered  in  Voltesso  36  blends  which  are  subjected 
to  oxidation  and  corrosion  tests  in  cxcesc  of  the  stable  life.  These 
blends  contain  Paranox  441'-3lkyl  acid  phosphite  inhibitors.  In  general, 
these  data  as  coopared  with  the  data  on  Tabl^  53>  indicate  that  all  of 
the  flidd  properties  as  well  as  the  metal  co..ting  or  corroding  trends 
arc  increasing  core  rapidly  in  the  period  following  the  stable  life. 

The  stable  life  interval  is  determined  by  a plot  of  neutralization  nusber 
versus  time.  The  point  at  which  the  neutralization  niaber  shows  a sharp 
increase  in  rate  of  change  with  tijce  is  considered  the  end  of  the  stable 
life  or  induction  period.  In  general,  more  evidence  of  oxidative  deter- 
ioration and  metal  corrosion  arc  noted  within  the  stable  life,  or  induc- 
tion period,  with  Voltesso  36  and  aineral  oils  of  this  type  than  with 
dibasic  acid  esters  as  discussed  in  previous  reports. 

The  tests  discussed  on  Tables  52  through  55  have  been  conducted 
with  a low  viscosity  naj^thenic  aineral  oil  (Voltesso  36).  Additional 
oxidation  and  corrosion  data,  using  the  same  inhibitor  ccabinations  and 
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test  conditions,  have  been  detemined  for  two  more  ’/iscous  naphthenic 
mi-ieral  oils.  These  naphthenic  oils  are  Bsstic  45  and  Necton  55.  AH 
of  these  naphthenic  mineral  oils  have  been  obtained  a^  cccaercial  pro- 
ducts of  the  Standard  Oil  Company  of  Jersey.  Esstic  45  has  a 100®F. 
viscosity  of  44.6  centistokes  coi.t>ared  with  a vaDae  of  98.0  centistckes 
for  Keeton  55.  These  fluids  have  been  evaiuatec  in  the  72  hour,  347®F», 
oxidat'.on  and  corrosion  test  of  Spec.  KIL-I/-780S. 

The  aata  for  Bsstic  ^5  blends  are  shown  o!i  Table  56.  Similar 
data  for  Necton  55  art  shown  on  Table  57.  Samples  of  Bsstic  45  and 

without  an  ari..i-oxldant  have  been  run  as  a basis  of  comparison. 
The  pror-ejty  changes  of  the  non-additive  Bsstic  45  tomyar-  fa.'orably  wi4^ 
those  oT  /oltesco  36  ''’'able  52)  and  Necton  55  (Table  57)  under  the  same 
conditions.  There  are,  however,  substantial  differences  to  the  response 
of  these  three  naphthenic  oils  to  oxidation  inhibitors.  The  Bsstic  45 
and  Necton  55  sliow  much  less  beneficial  effect  from  the  addition  of 
oxidation  Inhi'oltors  than  does  Vcltesso  36.  Some  of  the  same  inhibitor 
trends  noted  with  Voltesso  36  are  still  evident  with  the  heavier  naphthenic 
oils. 


The  problems  of  copper  rrosion  and  sludge  formation  are  the 
property  changes  most  difficult  i-o  control  in  the  Bsstic  45  and  Necton  55 
oils.  In  Bsstic  45  and  Jfecton  55,  only  the  alkyl  acid  phosphite-Paranox 
441  combinations  show  a trend  toward  reduction  in  the  formation  of  sludge. 
The  remaining  inhibitors,  and  combinations  of  inhibitors,  tested  show  as 
..'ch  or  more  sludge  than  the  uninhiblt^  mineral  oils.  The  p.'jehyl  alpha 
.naphthyl amine  shews  good  corrosion  control  in  the  Bsstic  45  and  Necton  55 
oils.  The  alJ^l^acid  pnosphite^hindered  phenol  ccebinations  all  show 
copper  corrosion  in  Necton  55  and  Bsstic  45  >ihile  some  of  the  alkyl  acid 
phosphites  with  small  alkyl  groiros  (methyl  and  butyl)  show  a tendency  to 
coat  rather  thK»n  corrode  copper  in  combination  wi^  a hindered  phenol  in 
Voltesso  36* 

In  view  of  the  difference  in  behavior  noted  for  the  «*amc  addi- 
tives in  naphthenic  miner al  oils  of  different  molecular  weight  ranges, 
several  stable  life  tests  were  a'vtemptcd  in  one  of  the  more  viscous 
mineral  oils  (Bsstic  45)  • The  d.ita  for  neutralization  nu:&er  Increase 
versus  time  for  these  tests  are  shown  in  Figure  30.  These  curves  do 
not  show  a characteristic  break  in  the  rate  of  change  of  neutralisation 
number  normally  considered  indicative  of  an  induction  period  or  stable 
life.  The  curve  for  the  A..txoxidant  2246-dimethyl  acid  phosphite  combi- 
nation indicates  a reduced  rate  cf  neutralisation  number  increase,  but 
again  there  is  no  break  in  the  curve  indicative  of  induction  period. 

The  Paranox  441-dial..'yl  acid  phosphite  inhibitor  ccr.bination 
has  been  evaluated  in  a fiiiished  £ycc.  MIL-0-5606  fluid  in  accordance 
with  the  Spec.  M1L-1/-7808  oxidation  and  corrosion  test.  These  data  are 
shown  on  Table  58.  They  show  that  the  blend  of  1.0  weight  per  cent 
Paranox  441  and  C.5  weignt  per  cent  dimethyl  acid  pliosphite  irt  & Spec. 
MIL-O-5606  f'^rmulation  shows  ade-.^uate  stability  in  this  severe  oxida- 
tion and  corrosion  test.  The  blend  obtaining  Paranox  441  and  diuutyl 
acid  phosphite  shows  indications  of  incipient  oxidation. 
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Tablo  52 


(I)  YHF.  riTABie  LIFE  OF  A FLUIC  1$  TAKEN  AS  THE  POINT  AT  WHICH  THERE  1$  A RAPID  INCREASE  IN  NEUTRALIZATION  NU^IS^R  WITH  TEST  TlltE. 


Table  54 


OUDATION  AND  CCRK0310S  CHARACTERISTICS  OF  A NAFKTHSHIC 
KIKSiAL  OIL  FRACTION  AT  347 “F. 

TEST  PROCEDURE  AKO  TtCMllCUCS  IN  ACCDROUCE  VITS  SPEC.  HIL-L-6^7. 

TEST  CCNDiTiOXS  IKaUOE:  lEST  lEHPERATURE  - 5^7  ♦ ^F.;  TEST  Tl>£  » ^Z  sOUPS; 
AIR  RATE  - 10  i I LITERS  PER  HOUR;  TEST  FLUID  - >00  K..;  CATALYSi  • A 
S-5HCH  :59AP£  EACS*  f?  COPPER,  STEEL,  ALUMINUM,  AND  MAGNESIUM. 

TEST  FtOJO  ^OlIESSC  »£Fl>i£p  NAPHTHENIC  SAS  OIL  FRACTION  (PRL  JIJ- 

OR  PRL  5456). 


TEST  FlI'D 

Air.  MS  PhflSP'llTE,  <,4, 
APPRCX.  STA3LE  LIFE,  PCURS^*^ 


LIC'JID  LOSS,  WT.^ 

< 'N  CENTISTOIE  VISCOSITY 

AT  I50*F. 

AT  0*F. 

A.S.T.H.  UKION  COLOR 
ORIGINAL 
FINAL 

AEL7.  AS.  (hS.  KOH/GM.  OIL) 
ORIGINAL 
FINAL 

VT.tl  OIL  INSOLUBLE  MATERIAL 

FINAL  CATALYST  CCNOITION 
APPEARANCE 
COPPER 
STEEL 
ALUMINUM 

magnesium 

¥T.  LOSS  (K3./S0.  CM.) 
COPPER 
STEEL 
ALUMINUM 
MAGNESIUM 


< ... 

— VOLTESSO  >6  * 

UO  WTX  AU^IOIIDANT  22A6  — 

NONE  1 

|0.$  DIMETHYL  | 

0.5  OIBUITL 

0.5  aiS  :2-0C 

ACID  PHOSPHITE  ' 

A«!0  PHOSPHITE 

ACID  PHOSPMIT 

50 

150 

uo 

80 

{!)  THE  STASLE  life  CF  A FLOW  IS  TAXEN  AS  TK  POm  AT  WHICH  THERE  IS  A PAP'C  INCREASE  IN 
NEUTRALIZATION  NU«£R  WIT"  TEST  TIME. 
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Figure  28 

OXIDATION  STABIim  OF  A NAPHTHEWIC  MINERAL  OIL  FRACTION  AT  347*F. 
TC3T  PROCeOURCS  AND  TCCHNIQgC$  IH  ACCOROAncC  ViTN  3PCC.  mL.t-780S. 


S«viipl5ng  Time  4 Houro 


Figure  .^9 


Figure  'jO 


100  120  140  l60  180 

Tost  Tiiae,  Hours 


Taole  5^ 


OXIDATION  AND  CORROSION  CHAHACTERISTICS  OF  A SFSC.  jaL-O-5606  TIPS 
rarDRAULIC  FLUID  A?  347*F. 


/RCCftUficS  ASD  IK  ACCORDAKCf  Vll*!  S^EC.  NIUL*73Cie. 

TEST  COKaiTiC'iS  ixCLUaC:  ICSI  lEHPERAIURE  - M7  A TIKE  - 

72  I'OJS:  H?.  ^7E  « i&l  t LITCltS  F£fi  nOUR;  1E$T  aUlD  - 109  *S..; 
A^D  C.'T.4.«ST  • A I INCH  SQCAKE  CACK  THE  UDICATED  KTAlS. 

TEST  aUlO:  345>  • A S*EC.  rf?£  KTS^AwLiC  rLUIO  HiTnCUT 

AN  anti-ozioav:. 


TEST  FLUID 

AKTl-OXIOAVT^  vr.t 

Alitl  ALtJ  r^MSFiliiC,  VT.5» 

KOfct 

fKi  M5J 

. . . . 1.0  PARAICX  441  - 
0.5  DIKETKTL  ACID 
PitOSPiilTt 

0.5  DISCTYL  ACID 
PSOSPillTE 

CYERALL  LlOtliO  LOSS,  VT.i 

w 

0 

2 

i CHAISE  IN  viscosity 

AT  l>J*F. 

-25 

♦3 

.4 

AT  0*F. 

♦<9 

♦10 

♦15 

Kor.  19.  (MS.  FOH/CK.  OIL) 

0RI6IXAL 

t>,y 

0.2 

FIRAL 

0.4 

2.2 

vj.i,  iKsiraii  uresiti 

0.1 

'.7 

FIKAl  catalyst  C0V0ITI0« 

;»F«AXA]rCE 

COPPER 

OAL 

COATED 

COATED 

STEEL 

Dinx 

DUU 

COATED 

ALWINOI 

8RICRT 

Doa 

COATED 

M6KESIIM 

BRICfiT 

COATED 

Dnx 

VT.  LOSS  (KS./S9.  CM.) 

COPPER 

0.12 

♦0.20 

♦0.2$ 

STEEL 

♦5.04 

♦0.05 

♦0.20 

ALUNIKUN 

♦0.05 

♦0.02 

♦0.20 

lASIESim 

0.02 

♦0.55 

♦0.03 

WADC  TR  55-30  ?t  3 


t. 


- 142  - 


Alkyl  acid  phosphite-hindered  phenol  inhibitor  coabinations 
offer  enhanced  oxidation  and  corrosion  stabili  ty  at  high  teaperatures 
in  aineral  oils  as  well  as  in  diester  cocpositions.  Phenyl  alpha 
naphthylaair.e  is  also  a good  high  teaperature  oxidaoion  innicitor  for 
mineral  oils.  Tiiei'6  are,  in  general,  mere  indications  of  cxidative 
deterioraoicn  and  corrosion  in  the  347*?.  oxidation  and  corrosion  tests 
for  the  mineral  oils  during  the  wO-called  induction  period,  or  stable 
ii**©,  than  is  the  case  in  the  diester  fluids  evaluated  previously  by 
this  Laboratory.  The  effect  of  a given  inhibitor  to  control  property 
char<^es  and  sorrosion  of  metols  during  the  induction  period  of  a 347*F. 
oxidation  and  corrosion  test  decreases  as  the  molecular  •■seight,  or  vis- 
grade,  of  the  same  type  of  mineral  oil  increases. 

4.  Stability  After  Storage.  It  has  been  noted 

that  synthetic  fluids  containing  acid  phosphate  or  acid  phosphite 
lubricatior  additives  show  an  increase  in  neutralization  n\aber  on 
storage.  This  neutralization  ni=ber  increase  on  storage  has  been 
investigated  for  acid  phosphates  and  acid  phosphites  prepared  from 
primary  alcohols  and  for  acid  phosphites  prepared  from  secondary  alcohols. 
A zaore  completre  discussion  of  neutralization  number  increase  ar.d  change 
in  lubricity  on  storage  has  ' ?en  given  previously  in  this  report. 

A susnary  of  the  observed  neutralization  number  increases  is  . 
shown  in  Table  59.  These  ccsrples  have  cesn  stored  in  stoppered  glass 
bottles  at  rocs  temperature  (70*  to  80*?.)  and  opened  only  for  sampling. 

3379  is  an  Acryloid-ester  blei«l  containing  phenothiazine  as  an  anti- 
oxidarit. 


Table  59 

'•snaALi^ATia';  Kinsa  ckaKJe  aftsi  srcaAcs 


Base 

Fluid 

Phjsohorus  Cmnd..  Wt.$ 

Orig, 

Keut. 

No. 

Storage 

Tice, 

Mos. 

Neut.  No. 
Aftei 
Storage 

PBL  3379 

0.5  Dilauryl  Acid  Orthoi^sphate 

2.0 

15 

12.0 

PRL  3379 

0.5  Dimethyl  Acid  Phosphite 

0.6 

19.1 

PfiL  357V 

0.5  Dlisopropyl  Acid  Phosphite 

0.2 

13 

2.5 

PRl  V79 

0,5  Dibutyl  Acid  Phosphite 

0.1 

13 

12.9 

PHL  3379 

0.5  Di-2-Sthylhe:yl  Acid  Phosphite 

0.1 

13 

6.7 

PPi  3379 

0.5  Bis  (2-Octyl)  Acid  Phosphite 

0.5 

13 

2.0 

It  can  be  noted  from  Table  59  that  the  tw>  acid  p'wsphites  pre- 
pared frc~i  secondary  alcohols  (diisopropyl  and  bis  (2-octyi)  acid  phccphites) 
arc  much  more  stable  to  neutralization  nir^er  change  with  storage  than  the 
other  materials  shown.  This  may  be  due  to  the  fact  that  the  esters  pre- 
pared from  secondary  alcohols  would  be  expected  to  be  more  stable  to  hydroly- 
sis. Previous  data  have  shown  that  thl.,  phentxaenon  of  neutralization  nissber 
increase  on  storage  may  be  related  to  hjxirolysis  stability. 

Scce  Spec.  KlL-i/-7803  type  oxidation  tests  conducted  with  storage 
samples  of  fluids  containing  acid  phosphate  and  acid  phosphite  lubricity 
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additives  are  discussed  in  report  PHI.  5-^Sep53.  In  general,  fluids  con- 
taining acid  pnosphates,  vrnich  have  been  stored  at  rcoa  teniperature  for 
approxiriately  one  year,  exhibit  increased  setal  corrosion  and  sludge  for- 
Eation  in  the  Spec.  MIii-L-7808  oxidation  test  at  347®F.  Blends  containing 
acid  phosjiiites  also  show  - ♦rend  toward  cietai  corrosion  after  storage. 
However,  the  resulting  orrosion  is  not  at  severe  as  that  encountered 

with  thv'  acid  phosphate-c  ' iing  blends. 

Ihe  blends  cen  the  two  secondary  acid  phosphites,  idiich 

have  been  stored  at  rooa  tcaperature  for  ^proxiraately  i3  laontns,  have 
now  been  evaluated  for  oxidative  bdiavior  in  the  Spec.  MII/-L-7808  oxidatic:; 
and  corro  -ji*  test  ^7?  hours  at  34?*?.).  The  properties  of  the  flxdds 
followii;..  triese  testi  niong  with  the  properties  cctainea  the  cmc 
blend  it  was  fresl—/  prepared,  are  shown  on  Table  60. 

Both  of  these  blends  show  good  oxidation  stability  following  the 
13  nonths  storage  period.  There  appears  to  be  no  trend  toward  increased 
fudging.  In  the  fluid  contain*  ng  the  diisopropyl  acid  phosphite,  the 
catalyst  coating  tendency  is  still  present  following  storage.  In  the 
case  of  the  fluid  containing  the  bis  (2-octyl)  acid  phosphite,  the  coat- 
ing tendency  is  no  longer  present  However,  there  is  no  appreciable 
tendency  to  corrode  any  of  the  vsts  under  the  oxidation  conditions. 

Wear  tests  carried  out  in  the  Shell  four-hall  E.P.  lubricant 
test  with  the  stored  blend  indicate  that  there  is  little  cnarige  in  the 
activity  of  the  acid  phosphite  as  an  anti-wear  additive  following  the 
Spec.  KIL-L-7SCS  oxidation  and  corrosion  test  over  that  of  the  freshly 
prepared  blend. 

5.  Interrelation  of  CoT>r>feiv.Bervlliv?i  A'i'icrr  and  Ooddaticn  and 
Corrosion  Beterioraticn.  It  has  been  requested  that  this  Laboratory 
investigate  the  effect  of  copper-bcryllim  alloy  on  the  oxidation  stability 
of  hydraulic  fluids  and  lubricants,  this  request  has  been  cade  prisarily 
with  respect  tc  hydraulic  fluid  evaluations.  The  detailed  discussion 

of  these  studies  is  given  in  the  section  of  this  report  dealing  wi.  • 
hydraulic  fluids.  The  results  of  these  studies  are  nere  sucaarized 
briefly.  Kineral  oil-  and  ester-base  fluid  and  lubricant  ccapcsitionrf 
have  been  included  in  this  study.  Soce  of  the  ester-base  cosposltions 
include  gear  lube  fomations  containing  alkyl  acid  phosphate  and  phos;^te 
type  additives.  Oxidation  tests  were  conductea  at  347*F.  and  500*F. 

The  data  indicate  that  ccpper^berylli«  alloy  does  have  soeae 
effect  on  the  oxidation  stability  of  hydraulic  fluids  and  lubricants 
of  the  types  evaluated.  Tnis  effect  appears  to  be  intermediate  between 
that  exerted  hy  cetals  such  as  co|^r  and  bronze  and  that  shown  by  setals 
such  as  steel  and  alixainvs.  The  copper-berylliisi  alloy  does  not  appear 
to  be  affected  adversely  by  the  types  of  hydraulic  fluids  used  in  this 
study  under  the  test  conditions  outlined.  That  is,  in  teics  of  corrosion 
by  the  fluids,  copper-beryiliua  appears  to  be  sccewhat  better  than  pure 
copper. 

6.  Oxidation  and  Corrosion  Evalviticn  at  500®F.  The  studies 
of  oxidation  at  500*F.  as  a function  of  oxygen  sssiailated  and  oxidation 
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rate  have  been  continued  along  the  sane  3ii;cs  discussed  in  report 
FRL  5»5-Sep53.  “nie  sane  group  of  cheaicai  classes  studied  as  hign 
temperature  hydraulic  fluids  and  aiscussed  in  the  previous  section 
of  this  report  are  also  included  in  this  preliainary  avaluation  of 
500*F.  oxidation  and  corrosion  properties.  The  folloving  classes 
of  compoimds  are  included  in  this  study. 

1.  Silicones 

2.  Silicate  esters 

3.  Dibasic  acid  esters 
Kineral  cils 

f . Pentaerythritol  esters 

...  Syntactic  hydrocarbons 

/.  Polyglycol  ether  (Ucon) 

8.  Chlorinated  biphenyl  (Aroclors) 


Ibis  series  of  scai-quantitative  tests  have  been  conducted 
with  each  test  fluuj  u-’kler  the  sane  test  conditions  for  different  time 
intcr/als.  During  the  Lest,  the  o3^gen  assimilated  hy  the  test  fluid 
is  determined  by  periodic  analysis  of  the  exhaust  gas  coaposipicn. 

The  coamon  test  conditions  includ  a test  temperature  of  500®F.;  an 
air  rate  of  5 liters  pei*  hour  at  standard  conditions;  a 100  ml.  sample 
of  test  flxiid;  and  • le  presence  of  a one  inch  square  each  of  copper, 
steel,  and  aluainvn  sheet.  The  procedures  and  techniques  used,  with 
th*  exception  of  tixae  and  t'saperaturc,  arc  essentially  those  of  Spec. 
HlL-lr*7^8.  Tne  results  of  these  tests  can  be  compared  either  on  the 
basis  of  the  sane  tines  (oxidation  ra*")  or  the  same  degree  of  oxygen 
assimilated.  Previous  data  obtained  wxth  these  techniques  are  stsaar-* 
ized  in  Table  6l.  li:  au  cases,  an  attempt  has  been  made  to  show  the 
test  for  the  longest  estimated  useful  life  and  an  additional  test  repre- 
scntifjg  extensive  fluid  deterioration.  Additional  oxidation  and  corro- 
sion data  of  this  type  are  presented  in  Tables  62  through  76.  These 
oxidation  data  continue  to  indicate  that,  with  very  few  exceptions, 
extensive  oxidation  occuj  s at  500*?.  The  materials  evaluated  exhibit 
no  appreciable  stable  life  or  induction  period  at  iOO*F. 

Aroclor  1248  shows  the  best  oxidation  stability  of  the 
materials  evaluated  thus  far  at  500*F.  Data  for  this  fluid  are  shown 
on  Table  62.  Moderate  copper  corrosion  is  tne  only  subst&.tial 
evidence  of  oxidaticn  or  corrosion  even  after  120  hours  at  500®?. 

The  copper  corrosion  occurs  even  under  short  time  tests  and  does 
not  increase  in  rate  of  corrosion  in  the  120  hour  test  as  compared 
with  the  12  hour  test.  A very  saall  but  measurable  amount  of  oxygen 
is  absorbed  at  a steady  rate  throughout  the  oxidation.  This  same 
material  shows  excellent  thermal  stability  to  tec5>eratures  of  750®F. 
in  the  absence  of  air  (ujder  a nitrogen  blanket).  Aroclor  1248  has 
several  properties  which  are  limitatxons  under  current  specification  jet 
engine  oil  properties,  Aroclor  1248  attacks  current  low  temperature 
rubbers  causing  excessive  swelling  and  softening.  This  material  also 
has  a relatively  limited  lioxiid  range,  exhibiting  a pour  point  of  20®?. 
ar.d  a boiling  point  of  about  TOO®?.  It  should  be  noted,  howevei,  that 
Aroclor  1248  shows  e.xcellent  noi>-inflaraaability  properties,  in  addition, 
this  iiaterial  shows  little  or  no  volatile  product  formation  on  thermal 
stability.  Hence,  it  is  believed  that  the  excellent  non-infiammability 
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properties  of  the  Aroclor  12LJQ  'would  be  maintained  with  use  at  nigh  tempera- 
ture. 

Silicone  fluids  have  been  evaluated  at  500*F.  as  shown  on  Tables 
6l,  63,  64  and  65.  A 530  type  silicone  obtained  from  the  Dow  Coming 
Corporation  shows  very  gc“d  oxidation  and  corrosion  stability  at  500®F. 

This  material  is  believed  be  a netnylphenyl  silicone.  Ihis  material 
S4>o\fs  good  oxidation  ana  corrosion  stability  for  124  houi’s  in  the  50C*F. 
te.^t  (Table  63).  The  rate  of  oxygen  assimilated  and  the  resultant  rate 
of  property  changes  appear  to  be  about  constant  over  the  entire  test 
period.  There  is  no  indication  of  dirtiness  or  sludging  tendencies  with 
thj  - 5^0  type  a'Jicone  even  under  the  most  severe  500*F.  tests.  Methyl- 
ph  silicor'"  of  this  general  character  can  be  prepared  to  a vdde 
liquid  range,  ex*.  Hent  viscosity-temperature  characte.'istics,  and  good 
thenaal  stability.  It  is  generally  conceded,  however,  that  the  major 
weak  spot  in  the  methylphepyl  silicone  properties  is  the  limited  lubricity 
properties  particularly  for  st.eel-04j-steel.  The  other  silicone  composltivus 
are  designed  specifically  to  gain  improved  lubricity. 

Qxidaticn  and  corrosion  data  for  General  Electric  Silicones 
No.  8I4O6  and  No.  81451  are  hown  on  Tables  6l  and  64.  These  silicones 
have  been  modified  chenicaLi^  to  obtain  greatly  impr-ved  steel-on-steel 
lubricit)  in  laboratory  lubricity  testers  such  as  the  Shell  four-ball 
wear  and  S.?.  lubricant  testers.  These  two  improved  lubricity  silicor.es 
exhibit  oxidation  properties  intensediate  between  the  methylphenyl  sili- 
cones and  the  Spec.  HlL-Ii-7808  type  ester  base  stocks.  In  general,  the 
rate  of  o^qrgen  assimilation  is  about  the  same  for  the  methylphenyl 
silicones  and  the  two  iaprowd  ibricity  silicones.  However,  the  resxiltant 
property  changes,  primarily  viscosity  increase,  are  much  more  severe  for 
the  improved  lubricity  silicones.  Moderate  copper  corrosion  has  been 
noted  in  all  500*F.  evaluations  with  the  two  silicones  with  improved 
lubricity.  It  would  appear  that  the  modification  of  the  silicone  to 
improve  lubricity  results  in  a reduction  in  oxidation  and  corrosion 
stability.  In  tenas  of  tests  of  equal  time,  these  i^roved  lubricity 
silicones  still  show  an  improved  oxidation  stability  at  500®F.  by  a 
factor  of  2 to  3 over  a typical  Spec.  MIL-lr-780S  ester  base  stock. 

However,  on  the  basis  of  property  changes  for  a given  amount  of  cogrger. 
assimilated,  these  silicones  appear  to  be  among  the  poorest  lubricants 
evaluated  in  the  500*F.  test.  Geilation  occurs  with  relatively  small 
quantities  of  oxygen  assimilated  for  these  improved  lubricity  silicones. 

Lubricant  SD-17  is  a silicone  510-di-2-ethylh8xyl  sebacate 
blend  developed  by  the  NACA  to  overccae  the  lubricity  deficiencies  of 
the  silicones  by  the  addition  of  a solvent.  The  composition  of  SD-17 
comprises  a 2:1  (by  volume)  mixture  of  Dow  Coming  510  silicone  of  100 
centistoKes  viscosity  grade  and  di-2-eti\j'lhe3^1  sebacate.  This  mixture 
is  inhibited  against  oxidation  with  0.5  wei^t  per  cent  phenothiazine. 
Oxidation  and  corrosion  tests  with  SD-17  cemposition  are  shown  on  Table  65. 
These  data  indicate  severe  oxidative  deterioration  for  SD-17  under 
relatively  short  500®F.  tests  This  ccoposition  exhibits  excessive  sludge 
or  dirtiness  under  the  mildest  test  corKlitlons.  The  oxidized  fluid  also 
appears  to  separate  upon  standing  to  foxm  two  liquid  phases.  Jt  is 
interesting  to  note  by  comparing  data  on  Tables  6I,  63  and  65  that  the 
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oxidative  deterioration  of  SD-i7  ccanposition  is  far  csore  se^  ere  for  a 
given  tisie  or  a giver,  ajnovirt  of  oxygen  assimilated  than  fo^  eivhor  of 
its  two  components.  On  the  basis  of  IxJbricity  tests  in  the  foui>baii 
testers  and  a high  temperature  Vickers  vane  pump,  vhe  lubricity  of  SD-1? 
appears  to  be  much  poorer  than  that  of  Q-.-2-etl^lhexy]  sebacate  it  self. 

Oxidation  and  corrosion  tests  at  500'*?.  have  been  conducted 
with  several  silicate  ester-base  fomulations . Fluids  O.S.  45  and 
MLO  8X0  are  ccsaaercial  silicate  ester-base  formulations.  MLO  5277  is 
also  a Cc^plt:te  fluid  roxmulation  wiiile  tetra— 2— ethylhes^l  silicate 
(PRL  3455/  is  an  uninhibited  silicate  ester.  These  oxidation  data  are 
ihc’r.  c ^ibles)  6lj  66  and  67-  The  silicates^  in  general,  tend  to  fom 
excessive  f.r:c'>r.ta  ox  volatile  oxldiviou  products. 

Isopentane  is  a conventional  sludge  precipitant  for  mineral 
oils.  It  is  also  a satisfactory  precipitant  for  esters  and  polyglycol 
ethers  but  is  not  a satisfactory  sludge  precipitant  for  silicates  and 
silicones.  That  is,  the  oxidiced  silicates  and  silicones  show  the  con- 
ventional high  viscosity  increase  on  oxidation  but  essentially  no 
isopentane  insolubles.  This  dees  not  .;cccssarily  mean  that  the  oxidized 
fluids  do  not  contain  small  quant ‘ties  of  relatively  highly  oxidized 
materials.  The  neutralization  n’  'ers  after  oxidation  are  low  with 
silicates  and  silicones  indicating  a lack  of  non-volatile  acidic  oxidation 
products.  The  acidity  of  the  volatile  fragments  of  oxidation  are  not 
ucastired  in  this  test  pi\)cedure. 

TJ’je  tetra-2-etnylnejiyl  silicate,  O.S.  45#  and  MLO  5277  stow  an 
oxidation  stability  of  the  same  orde**  of  magnitude  as  that  of  the  typical 
dibasic  acid  ester  base  stocks  used  i:.  Spec.  MIL-L  7SC8  fluids.  HLO  8200 
silicate  fluid  shows  a substantial  improvement  in  oxidation  stability  over 
the  other  silicate  fluids  evaluated.  It  is  believed  that  this  improvement 
is  achieved  primarily  by  the  use  of  additives  to  reduce  the  oxidation  rate 
rather  than  the  use  ol  a more  inherently  stable  silicate  ester  base  stocic. 
The  loss  in  viscosity  with  mild  oxidation  noted  for  MLO  527'(  and  MLO  8200 
as  compared  to  the  subsvantial  viscosity'  ir'-rease  noted  with  the  other 
two  silicates  evaluated  under  bhe  same  tesc  conditions  is  probaWy  due  to 
the  additive  used  to  i-iprove  the  viscosity-traiperature  properties  employed 
in  the  former  fluids.  Some  of  the  silicate  ester  fluids  studied  shew 
moderate  steel  v orrosion  and  slight  copper  corrosion  under  severe  500®F. 
oxidation  tests.  Tnese  same  trends  are  evident  with  dibasic  acid  esters 
of  the  Spec.  MlL-L-7808  type. 

Tridecyl  pelargonate,  >d)ich  is  a monobasic  acid,  has  been 
evaluated  in  the  500*F.  oxidation  and  corrosion  test  and  compared  with  a 
typical  dibasic  acid  ester  of  the  Spec.  MI1/-I/-7808  type.  These  comparative 
data  are  shown  on  Tables  6l  and  68.  The  behavior  of  tridecyl  pelargonate 
and  di-2-ethyihexyl  sebacate  are  quite  similar  under  the  sane  500*F.  oxida- 
tion and  corrosion  test  conditions.  It  is  interesting  to  note  that  both 
esters  show  the  same  trend  toward  slight  copper  corrosion  and  moderate 
steel  corrosion  with  increasing  test  severity.  The  relationship  between 
viscosity  increase  and  sludge  fonsatlcn  for  the  tridecyl  pelargor.ate 
resembles  that  of  the  dibasic  acid  esters.  That  is,  these  esters  show  a 
relatively  low  rate  of  sludge  formation  acccmpainicd  by  a buildup  of  larger 
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oxidised  nolecules  vdiich  are  Isopentane  insoluble  and  appear  to  cause  . he 
lar^  viscosity  increase  in  the  oxidized  fluid. 

Results  of  5CX)*F,  oxidation  tests  with  a Ucon  (LB-135)  poly- 
glycol-ether  typo  lubricant  are  summarized  on  Table  61.  These  data  indi- 
cate that  the  Uconj  like  the  silicates^  tends  to  form  excessive  amounts  of 
volatile  oxidation  products.  Bie  rate  of  oxidation  and  the  oxyge.i  toler- 
aiice  for  this  Ucon  lubricant  appears  to  be  about  the  same  order  of  magni— 
tuie  as  di-2-ethylhexyl  cebacate.  It  is  also  interesting  to  note  that  the 
-Uca*i  lubricant,  like  the  dlh".slc  acid  estv,  shows  some  steel  corrosion 
with  severe  oxidation.  Recent  500“F.  tests  with  a Ucon  LB-170X  show  the 
same  trends  as  the  Ucon  LB-135. 

Soverj*!  synthetic  h/drocarbons  prepared  by  polymerizing  olefins 
heve  been  include  ■ In  this  study.  These  materials  are  polybutenos  received 
from  the  Standard  Oil  Company  of  Indiana,  hydrocarbons  as  a class  are  of 
interest  in  this  high  temperature  lubricant  study  because  of  the  promising 
results  obtained  in  high  tomperatiire  oxidation  tests  with  a well  refined 
mineral  oil  fraction  (Necton  45)  as  shown  on  Table  6l.  These  mineral  oil 
data  indicate  that  as  the  temperature  of  the  test  increases  the  margin  of 
difference  between  the  mineral  oils  and  synthetics  diminishes.  The  olefin 
polymers  have  been  chosen  t represent  essentially  an  Isoparaffinic  struc- 
ture. Two  viscosity  levels  UO  and  15  centistokes  at  100*F.)  are  repre- 
sented by  the  three  polybutenes.  PRL  3440  and  PRL  3473  are  polybutenes 
containing  some  \insaturation,  preatmably  one  olefinic  linkage  per  molecule. 
PRL  3474  has  boon  saturated  to  the  isoparaffin  by  hydrogenation. 

The  50O*P.  oxidation  and  corrosion  data  for  these  three  poly- 
butenes  are  shown  on  Tables  6"  70  and  71.  The  rate  of  oxygen  assimila- 
tion for  these  materials  Is  about  the  same  as  that  of  the  esters  and 
mineral  oil  fraction  (Necton  45) . No  corrosion  is  noted  even  under  severe 
oxidation  for  these  materials.  The  amount  of  oxygen  assimilated,  and 
the  time  of  ultimate  failure  of  the  three  polybutenes  are  the  same  for 
the  satxirated  and  unsaturated  samples.  However,  there  appears  to  be  a 
significant  difference  in  the  behavior  of  the  unsaturated  and  saturated 
samples  in  terns  of  the  related  phenomena  of  sludge  formation  and  vis- 
cosity Increase.  The  unsaturated  samples  show  a very  low  rate  of  sludge 
fozmatlon  and  isopentane  insoluble  formation.  The  viscosity  Increase 
rioted  is  moderately  high  and  is  not  reduced  by  the  ranoval  of  the  iso- 
pentane insolubles.  The  saturated  polybutene  (PRL  3474)  shows  a low 
value  for  viscosity  increase  but  a relatively  high  rate  of  sludge  and 
Isopentane  insoluble  product  formation.  These  data  indicate  that  the 
oxidative  attadc  on  the  luisaturated  molecules  is  more  general  (widely 
distributed)  than  in  the  case  of  the  saturated  polybutene.  That  is.  a 
high  '/Isrosity  increase  acconpanied  by  little  or  no  sludge  or  isopentane 
insolubl-  material  ir^icates  that  essentially  all  of  the  molecules  show 
sane  attack  by  oxy/jen.  In  the  case  of  the  saturated  polybutene,  it  wovdd 
aj^pear  that  a molecule  once  attacked  by  oxygen  is  more  susceptible  to 
f^her  attacks  than  vhe  startirjg  material,  resulting  in  a Email  amount 
of  sludge  compared  to  the  general  viscosity  increase.  At  the  high  tempera- 
tures of  this  oxidation  test,  the  unsaturated  polybutenos  would  appear  to 
be  more  desirable  than  the  saturated  polybuteno.  It  is  believed  that  vjn- 

Smation****^^*  ^^'*^**  desirable  with  oxidation  than  is  sludge 
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Several  specific  hydrocarbon  types  have  beer  evaluated  at  500®F. 
in  the  oxidation  test.  These  data  are  pres«;c.ed  on  Tables  72,  73,  74,  75 
and  76.  These  data  aay  be  coo^red  with  the  data  for  Hecton  45  (a  well- 
refined  naphtnenic  aineral  oil,  shown  oa  Table  6l.  Paraffin,  naj^thens, 
aiwS  arccaatic  hydrocarbons  are  represented  in  tnis  study.  These  data 
confina  the  fact  that  hydrocarbons  exhibit  good  corrosion  characteristics 
at  5CO'F.  even  under  severe  oxidation.  In  general,  the  cetane  and  tri- 
an^lcyc^ohe^ane  snow  a higher  r.*te  of  oxygen  absorbed  than  the  aronatic 
material.'  evaluated.  Sovaloid  is  a comercial  arocatic  ciineral  oil  con- 
centrate totdined  free  the  Socony-Vactaci  Oil  Ccapany.  The  siaterial  was 
de«<*T^bed  oy  Socony- ^/acuua  as  follows: 

H ^ntne^jLt.  produce  aade  by  a cheilcal  reaiTangeaent  of 
petxoleua  n;.*urocarbons.  It  is  coeposed  entirely  of  poly- 
cyclic arosatic  hydrocarbons,  in  which  tnree-  ana  fouiv 
ring  cccpoxinds  pred^ainats. 

It  is  interesting  to  note  that,  of  the  three  arccatic-  ccapounds 
evaluated,  the  Sovaloid  shows  a substantially  higher  rate  of  isopentane 
insolubles  and  sludge  forratir  t^^an  the  other  two.  These  dat.i  indicate 
that  dirtinese  cr  sludge  fonaatic  is  characteristic  of  the  asore  ccsapli- 
cated  polynuclear  arccatics. 

The  compounds  ajosen  to  evaluate  hydrocarbon  types  are  in  ssost 
cases  not  applicable  directly  to  jet  engine  cil  use.  They  have  been 
evaluated  to  establish  trends  ir.  oxidation  for  cooparison  with  typical 
low  pour  point  naphtliemc  taireral  oils  (e.g.  Necton  45)  arid  low  pour 
point  synthetic  hydrocarbons  (polybu*.ne).  Ko  substantial  isproveaent 
in  high,  temperature  oxidscicn  staM'ity  would  be  expected  from  the  further 
refining  of  Keeton  45  on  the  basis  of  the  study  cn  pure  hydrocarbons.  The 
polybutene  products  nay  represent  an  iaproveaenl  in  dirtiness  character- 
istics over  Keeton  45  in  the  500*?.  oxidr.tion  and  corrosion  tests.  The 
polybutene  fractions  arc  not  as  theisally  staole  as  the  Necton  45  or 
naphthcrd-c  =ir.eral  oils  in  general. 

These  idgh  tcicipctat«.rc  cxid-ticr.  iota  indicate  that  essentially 
all  ?f  \he  fluids  evaluated  'uidergo  extensive  oxidation  at  5C0*?'*  The 
fXidds  (Aroclor  1248  and  a aethylpheiyl  silicone)  showing  the  best  high 
temperatui-e  oxidation  properties  exhibit  the  most  serious  deviations  free 
the  other  desired  properties  of  a jet  engine  oil.  Thus,  it  would  appear 
thav  the  use  of  eicher  of  chesc  lubricants  with  good  cxidaticn  stability 
^e^uld  require  substantial  cechanical  changes  or  lubricant  system  coaponent 
changes. 


A cesparison  of  the  oxidation  stability  of  the  remaining  fluids 
witn  the  thcncal  stability  data  shown  on  Tables  4 and  5 of  this  report  as 
well  as  data  presented  in  previous  reports  shows  clearly  the  large  advant- 
ages to  be  gained  in  fluid  stability  and  useful  life  by  the  elimination  or 
severe  limitation  of  oxygen  in  the  fluid  ^stea.  Thus,  it  appears  that 
any  mechanical  steps  t>iat  can  be  t^en  to  seal  completely  or  at  least  seal 
partially  the  lubricant  system  free  the  surrounding  atmosphere  will  result 
in  improved  lubricant  behavior  or  permit  an  increased  maxamua  operating 
tteperature. 
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Oxidation  at  5fX)*F.  for  the  lubricants  evaluated  appears  to 
be  a strong  function  of  the  asount  of  oxygen  in  contact  and  the  degree 
of  contact  between  th*^  oxygen  and  fluid.  Foaaing  or  spraying  the  fluid 
into  an  oxygen  containir.g  atcosphere  increases  air-oxl  contact  and  oxida- 
tion rate.  Thus,  in  cechanical  systens  that  are  not  ccrapletely  sealed, 
reductions  in  oxidative  deterioration  would  be  expected  frca  any  icprove- 
aeni  s in  foaaing  and/or  elinination  of  spray  type  lubrication. 

If  oxygen,  and  hence  the  rate  of  oxidation,  in  the  lubricant 
sys’  can  not  adequately  ccntrolled,  advantage  might  be  taken  of 
the  f ;ct  that  s:.:i  of  the  lubricants  tested  can  assimilate  a rcaiinable 
of  oxygen  fere  becc^aing  excessively  dirty.  This  suggests  a 
limited  pass  lucriccnc  system  tdiere  the  quantity  of  lubricant  being 
circulated  is  not  relumed  to  the  main  oil  tank  and  can  be  discarded  after 
a reasonable  nicaber  of  passes  the  bearing  and  replaced  with  unused 

lubricant.  In  other  «ords,  the  oil  in  the  main  oil  storage  tank  does  r#ot 
circulate.  Oil  systems  of  this  type  are  conventionally  used  on  aircraft 
piston  engines.  Piston  en^nes,  in  general,  differ  fim  jet  engines  on 
the  basis  of  oil  consumption  Ihe  high  oil  consi^ption  of  the  piston 
engine  automatically  takes  c<^  ' of  discarding  the  used  oil.  It  may  be 
desirable  build  in  high  oil  censuaption  in  a jet  engine.  Tne  high 
oil  consumption  or  discarded  lubricant,  at  least  in  the  case  of  ndneral 
oils,  esters,  and  polyethers  could  be  fed  back  into  the  fuel  stream  and 
burned.  The  additional  lubricant  required  in  such  a sF^tes  would  not 
represent  a severe  weight  penalty. 

A panel  cokx*Tg  apparatus  has  been  ordeir'^  in  accordance  >dth 
the  suggestion  of  the  Materials  laboratory  of  the  VWgbt  Air  Dsvelojssent 
Center.  This  apparat\it  will  be  used  to  supplement  the  oxidation  and 
thermal  stability  tests  described  in  this  report.  Ihis  apparatus  has 
now  been  re<'eived  and  is  being  set  \xp  for  operation. 

D.  THEFMAL  STABILITT.  Preliminary  thermal  stability  data  for 
the  various  chemical  classes  considered  for  hF^raulic  fluids  and  jet 
lubricants  are  sv2sarized  in  the  preceding  section  on  hydrrclic  fluids. 
These  data  indicate  clearly  the  advantages  of  purely  thermal  stability 
as  compared  to  oxidation  stability. 

Jet  engine  lubricants  are  formulated  to  give  a higher  degree 
of  lubricity  than  hydraulic  fluids.  Phosphorus-containing  anti-wear 
and  S.F.  additives  have  been  ectensively  investigated  as  lubricity 
additives  in  jet  engine  lubricants.  It  has  been  noted  that  fluids 
containing  tricresyl  phosphate,  or  acid  ^osphites,  as  anti-wear  addi- 
tives tend  to  be  less  stable  thermally  than  the  base  fluid  to  which  these 
materials  have  been  added.  St'^xlies  are  being  conducted  to  determine  the 
extent  to  which  the  presence  of  these  phosphoi“as-caitainir.g  additives 
affect/  the  thermal  stability  of  finished  fluids  and  lubricants. 

Jhqploratoiy  tests  have  been  conducted  with  blend?  of  tricresyl  i^sphate 
or  dibtxtyl  acid  phosphite  in  di-2-cth7lhexyi  sebacate.  These  tests  are 
conducted  in  a glass  thermal  stability  apparatus  at  5C*0*P.  for  a period 
ot  20  hour*?.  A diagram  of  the  apparatus  is  shown  in  report  PHI  5.8-Sep53. 
The  test  is  carried  out  under  a nitrogen  atmosphere.  The  tube  is  sealed 
with  a U-tube  containing  a^roximately  tnree  milliliters  of  the  test  fluid. 
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Table  72 

OXIDATION  AND  COHEOSION  CHARACTERISTICS  OF  CETANE  AT  500»P 
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The  test  results  obtained  vdth  these  Tluids  are  shown  in  Table  77. 
Test  fluid  PRL  3103  is  di-S-ethylhejiyl  seb3c;)te  and  PHL  3207  is  a blend 
of  0.5,  weight  per  cent  phenothiasine  in  di-2-ethyll^xyl  sebacate. 

Table  77 

THEHiAL  STABiUrf  TESTS  AT  500*F. 


Y£STS  COXOUCTEO  FOR  20  HO'JRS  *■<  ^ISS  £^|PKt<iT  UX9£R  k KilROSEN  ATKOS^KSK 


PHOSPhCPUS  CCkT^C. 

jlCAAHGE 

IK  Vise. 

AT  I00*F. 

SEUT. 

XO. 

IKC PEASE 

CATALYST  VI 
CO  STEEL 

. LCSS,  H5./3C.  CM. 

AL  MS  AS 

PRL  '.33 

-3 

2.7 

O.CI  0.^ 

9.00  0.80  0.C2 

>0 

2.7 

• 

- 

PRL  3207 

1.0  tric«?tl  phosphate 

0 

3.2 

_ 

... 

5,0  TRICFIS'^j.  PHOSPHATE 

0 

3.2 

- 

. 

•*>.  320? 

0.1  SIS'JTU  ACID  PHOSPHITE 

Q 

. 

. - - 

0.5  OIBSTYL  ACIO  PHOSPHITE 

-2 

stl 

. . - 

1.0  OISUTYL  ACID  PhOSPalTE 

-21 

*3.9 

• 

... 

1.0  OiBim  ACID  PHOSPHITE 

33.« 

-0.40 

The  presence  of  1.0  or  ^.0  weight  per  cent  tricregyl  phosphate 
does  not  appear  to  affect  the  thezcal  stability  of  di-2**ethylhej^l  sebacate 
unler  these  test  conditions,  nasely  500*F.  for  50  hours. 

Increasf*  g the  cor.cc  ration  of  dibutyl  acid  phosphite  free  0.1 
to  1.0  weight  per  cent  decreases  the  tberoal  stability  of  the  resulting 
fluid,  it  has  ceen  deteiiairied  that  the  dibutyl  acid  phosphite  itself  is 
not  stable  at  500*?.  however,  in  the  case  of  the  blend  centaining  1.0 
weight  per  cent  dibutyl  acid  phosphite,  the  i&axicua  neutralization  nuaber 
which  can  be  attributed  to  the  deccaposition  of  the  phosphite  to  phos- 
phorous acid  would  be  about  8.8  silligrass  potass!^  hydroxide  per  graa 
of  fluid.  These  data  indicate  that  the  presence  of  the  acid  phos^ilte 
affects  the  theroal  stability  of  the  base  stock  adversely. 

The  effect  of  tricresyl  phosphate  on  the  Ihensai  stability  of 
a Spec.  M11/-L-7808  type  fluid  (KU,  3161)  has  been  Investigated  at  600*F. 
in  the  stainless  steel  pressure  cylinder.  The  apparatus  in  kuilch  these 
tests  are  conducted  is  described  in  report  PHL  5.6-Sep53.  The  test 
fluids  used  are  (l)  PHL  3161,  Ccs^ercial  Batch  53BO  (contains  3*0  weignt 
per  cent  tricrcsyl  phosphate)  and  (2)  PHL  5076,  a PHL  3l6l  type  fluid 
prepared  frea  stocks  at  this  Laboratory  and  containing  no  tricresyl  phos- 
phate. These  tests  are  conducted  at  600*F.  for  six  hours  or  until  the 
system  pressure  approaches  250  p.s.l.,  whichever  is  sooner.  That  is, 
the  test  is  tenainated  >hen  the  pressure  aK>ro*ches  250  p.s.i.  for 
safety  reasons.  A suiscaxy  of  the  results  obtained  for  these  two  fluids 
is  shown  :n  Taole  78. 
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Table  78 


THSSMAL  STABILITY  ISSTS  AT  600®F. 


Tests  conducted  at  60C®?.  in  the  stainless  steel  pressure  cylinaer 


Test 

Fluid 

Test 

Time, 

Hrs. 

Neut.  No. 
Increase 

Max.  System 
Pressure, 

Residual  Press., 
at  Room  Temp., 
p.s.i. 

PSL  3076 

6 

46 

110 

6 

PHL  316j 

3-25 

U7 

238 

2.75 

109 

215 

10 

The  test  with  FHL  3076  was  conducted  for  the  conventional  six 
hour  period  with  a caximiQ  pressure  of  110  p.s.i.  Ihe  tests  with  PHL  3l6l 
appxx^cned  250  p.s.i.  after  approxiaateiy  3 hours  test  time.  The  neutrali- 
zation nmber  increase  is  considt  ablj  greater  for  ?RL  3i6i  after  three 
hours  then  that  shown  by  PEL  307-  ‘‘fter  six  hours. 

Tnese  data  indicate  that^  at  600*F.,  the  presence  of  5>0  weight 
per  cent  tiicresyl  phosphate  has  an  adverse  effect  on  the  tbemal  stability 
of  this  synthetic  gear  lubricant. 

E.  ESTERS  SVALUAT55  AS  BASS  STOCKS  FDR  FLblDS  AND  LUBfilCAMTS. 

A group  of  four  pelargonate  esters  a-.ong  with  one  azelate  ester  have  been 
cbtained  frea  Esexy  Industries,  Inc.  These  pelargonate  esters  are  the 
first  cosaercial  ironobaslc  esters  in  the  desired  viscosity  range  to  be 
evaluated  in  this  canner.  The  behavior  of  these  esters  relative  to  their 
oxidation  stability  and  wear  cbaract :ristics  is  discussed  in  report 
PKL  5.o-Sep53.  In  general,  the  dibasic  acid  ester  (di-tride^rl  azelate) 
behaves  in  a manner  siaiilar  to  the  other  good  quality  dibasic  acid  esuers 
studied  by  vliis  Laboratory.  The  four  conobasio  acid  esters  (P-p*hylhe3yl 
pelargciiate,  isooctyl  pelargonate,  tridecyl  pelargonate,  and  iso-decyl 
pelargonate),  however,  show  reduced  stability  toward  oxidation  ar/J  are 
not  as  susceptible  to  tricresyl  phosphate  as  an  anti-wear  additive  as 
are  the  dibasic  acid  esters  evaluated  previously. 

These  esters  have  been  furtner  evaluated  in  terms  of  their 
viscosity  properties,  viscosity-temperature  behavior,  and  their  blending 
efficiency  with  Aciylold  HF-25  polymer.  The  di-tridecyl  azelate  has  a 
viscosity  of  37. A centistokes  at  1C0*F.  This  material  has  a nolec'jlar 
weight  of  552  compared  with  a value  of  426  for  dl-2-ethylhe:yl  sebacate. 

The  tridecyl  azelate  might,  therefore,  be  considered  for  use  as  a base 
stock  or  base  stock  component  where  low  volatility  is  desirable  in 
^thetic  lixbrlcants. 

Each  of  the  pelargonate  esters  has  been  blended  with  Acryloid 
riF-25  to  obtain  approximately  the  same  final  ’Viscosities.  The  viscosity 
properties  and  the  viscosity-tei^rature  characteristics  have  beer,  deter- 
mined for  each  of  the  blends,  clending  curves  have  then  been  cc-nstructed 
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showing  the  1(X)®F.  viscosity  level  as  a function  of  the  viscosity-teape-'a- 
turc  characteristics  for  the  different  Acryloid  concentrations.  A plot 
of  this  data  is  ^owi  on  Figure  31. 

A sumary  of  the  properties  of  the  various  pclargonate  esters 
and  an  Acryloid  blend  of  eacn  ester  is  shown  in  Table  79.  Two  dibasic 
acid  esters  in  the  sane  viscosity  range  are  induced  for  cceparison. 

Table  79 

rROPEElTISS  0?  SSVaAL  ESTERS  aKD  ESTEB  BhSSSS 


Sster  Properties 


PiiL  XO. 

£ST£R 

C'STCCt 

VISCOSITY 

AT  I00»'. 

A.S.T.N. 

SLCPt 

{2;0*  TO  luO'r.i 

aAsx 

POIXT, 

»F. 

9ta.  3i42 

2.CTHYLKCni  PCLM&0K&1C 

0.829 

293 

PRL  aua 

iSOCCTYL  KLXRSOKATC 

3.79 

0.787 

310 

PB.  P996 

0U>K7HYLBUTTL  XOlPAfC 

4.87 

C.?36 

3<5 

PB.  34*5 

*.95 

c.7?9 

M5 

PR.  <438 

OI.StClMYL  SEBXaTC 

7-58 

c.;52 

410 

PR.  3U< 

TPIOECYL  PCLAftsCXXTC 

7.77 

S.7W 

375 

K.e7>d  Properties 

• K. 

*2 

ii 

PR. 

3M3 

II 

li 

PR. 

2996 
■ 0 

ID 

PR. 

3^3 

?.o 

9.0 

PR. 

24)8 

5.3 

5.3 

PR. 

3444 

7.0 

7.0 

ccmsToix  viscosiT»  at 

aiCTF. 

e.oi 

5.7* 

6.90 

<.51 

5.^5 

toD*r. 

;j».v 

56.9 

22.4 

i$.7 

«5.* 

«9.i 

i.C.T,S.  S'.OPt  UIO*  IQ  !0C»^.) 

0.48> 

0.484 

0.488 

0.523 

0.5»5 

0.563 

(1)  Asimoio  soLYCia. 


In  genaral,  the  blending  efficiency  of  the  pelaxwnatss  appears 
to  be  sinilar  to  that  shown  by  the  dibasic  acid  esters  in  the  saae  viscos- 
ity range.  That  is.  In  base  stocks  of  the  sase  viscosity  level,  approxi- 
aatcly  the  saae  ancunt  of  polyaer  Is  needed  to  give  final  blend  viscosities 
of  the  same  magnitude.  The  volatility  properties  of  the  base  stocks,  as 
indicated  by  flash  point,  have  about  the  same  values  for  the  pelargonates 
as  those  of  the  dibasic  acid  esters  of  sinilar  colecular  weight. 

More  cocplete  properties  of  the  esters  obtained  fraa  Saery 
Industries,  Inc.  are  shown  on  Table  80.  Good  low  teaperatiire  properties 
are  shown  by  bhe  various  esters  as  evidenced  by  cloud  and  pour  point 
detexminatlcns  as  well  as  by  their*  storage  stability  for  163  hours  (one 
week)  at  -65*F.  Included  on  Table  SO  31*0  wear  values  deteiiained  for 
these  es^^ers  on  the  Shell  four-ball  wear  tester  betb  alone  and  with 
1.0  weight  per  cent  tricresyl  phosphate  as  an  anti-wear  additive.  This 
concentration  of  tricresyl  phosiAuitc  gives  »axiiaTO  wear  iaproAement  with 
the  dibasic  acid  ester  (PHL  3UL1).  However,  this  concentration  of  the 
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FiK'iro  31 

BLENDING  CllAIUCTiSiaSTICS  OF  ACRYLCID  HK-25  IN  afiVERAL  PHURGONATB  E^Til'S 


OM  0.70  0,V*>  OvJJO  0.85 

tho  Intorval  210*F.  to  100*F. 


anti-wear  additive  has  essentially  no  effect  on  the  pelargonate  esters. 
Increased  concentrations  of  tr-.cre^l  phosi^ate,  cn  the  order  of  5.0 
neiglib  per  cent,  vdll  produce  maxiaura  wear  iaprovaaent  vdth  the  pelargon- 
ate esters. 


F.  PRSPAR.-  :0S  0?  JSl*  S.NG1H5  OIL  COifiOSlTiOKS  FOR  INTER- 
LABORATC^  TESTS.  The  overall  data  on  syntiietic  gear  lubricants  of  the 
Spec.  HI1-L-7S0S  type  fonaulated  by  this  Laboratory  to  contain  alk>*l  acid 
phosphite  lubricity  additives  are  being  reviewed.  IHese  data  have  been 
previous  reports  covering  about  a two  year  period.  Several 
of  the  prcsiiai-i^.^  ccaposDtions  have  been  formulated  and  sent  to 
Southwest  ilesearch  I?.»vitute  and  the  Wright  Aii*  Development  center  for 
further  testing.  Tne  additional  testing  of  these  samples  will  include 
the  ifyder  gear  tester  and  the  panel  coking  test.  These  tests  are  not 
currently  available  at  this  Laboratory.  Tne  panel  coking  apparatus 
is  currently  being  installed  and  will  be  ready  for  use  at  this  Labora- 
tory in  the  near  futire. 

Four  samples  of  synthetic  lubricants  have  been  sent  Southwest 
Kesearch  Institute  and  one  to  tb*  Vfright  Air  Developcient  Center.  The 
samples  supplied  to  Southwest  Bese<.rch  Institute  have  been  sent  in  coopera- 
tion with  the  Materials  Laboratory  and  the  Power  Plant  Laboratory  of  the 
Wri^t  Air  DevelojEent  Center.  The  compositions  of  these  5 fluids  are 
shown  on  Table  81.  RiL  3161  and  ?RL  3313  have  been  sent  as  reference 
fluids  for  these  proposed  tests.  Seth  of  these  fluid  compositions  have 
received  widespread  testing  in  both  laboratory  testers  and  actual  air- 
craft engines.  Ti»e  remaining  three  ‘luids  GTO  16,  GTO  17  and  MLO  7010 
are  fluids  formulated  on  the  basis  of  studies  with  alkyl  acid  phosphite 
lubricity  additives.  All  three  of  t^'^se  fluids  have  been  formulated  to 
meet  the  property  requirements  of  Spec.  M1L-I/-7808.  Particular  emphasis 
hae  been  placed  on  the  conformance  of  the  -65*F.  viscosity  val'ue  of  those 
fluids  to  Spec.  KIL-I/>7608. 

near  characteristics  of  these  fluids  are  shown  on  Table  82. 

These  data  are  for  the  Shell  four-baxl  wear  and  S.P.  lubricant  testers. 
These  test  fluids  include  as  a lubricit?  additive  a good  primary  alkyl 
acid  phosphite  (GTO  16),  a good  priisaTy  alkyl  acid  ptiosuhite  plus 
tncresyl  phosj^te  (GTO  17),  and  a good  secondary  alkyl  acid  phosphite 
(MLO  7010).  This  latter  composition  exhibits  the  best  storage  stability 
of  the  Spec.  Kllr-L-7808  type  fluids  centaining  an  acid  phosphate  or 
acid  phosphite  lubricity  ^ditlve.  The  wear  characteristics  given  on 
Table  82  are  actual  data  determined  on  these  specific  blends  in  July 
195if.  These  were  freshly  prepared  blends  in  ^1  cases.  The  ali^l 
acid  phosphate  (Ortnoiem  162)  and  alkyl  acid  phosphites  xised  in  these 
blends  have  been  stored  neat  by  this  Laboratory  for  a period  of  one 
to  three  years.  As  indicated  in  a previous  section  of  this  report,  this 
storage  of  the  additive  results  in  an  increase  in  lubricity  for  the  blends 
contaiiring  the  additive  witliout  an  apparent  increase  in  neutralisation 
nxtsber  (see  Table  32).  Tne  important  point  is  that  char.ges  in  effective- 


which  sh3w  exceileiit  storage  stabi?'ty  asd  nc  differences  in  ^ 

after  several  years  storage.  Ccmercial  fluids  of  this  Spec. 
tvne  do  not  neccsoarily  show  this  good  storage  sw^wi^ty.  Storage  ^ 
stability  of  Spec.  J4li/-L-7S08  type  fluids  has  cc«n  discussed  prev^ous^y 
in  this  report. 


Oxidation  and  corrosion  characteristics  of  fluids  of  these 
tyies  have  been  adequatelj'  discussed  in  reports  PRL  5.^-Sep52  and 
PEL  5.8-Sep53.  Oxidation  and  cerrosion  characteristics  of  ^ /uxO 
and  i new  and  stored  sample  of  ester  gear  lubricant  ccrtainir.g  0.5 
w8<r»-x  per  cc-*  diisopropyl  phosphite  are  essentially  the  ^e,  as  ^ 
IT*' ^ted  in  7-Me  83.  The  diisopropyl  acid  pnosphiue  vends  .c  ccio, 
ratner  than  con't.*e,  tne  metal  catalysts.  It  can  oe  noted  that  in 
case  silver  is  corroded  somewhat  and  in  a second  case  it  is  coated  by 
MLO  7010.  In  the  case  where  silver  was  corroded,  the  specimen  was 
touching  all  five  of  the  otiier  metals  present.  In  the  case  where 
silver  was  coated,  silver  and  lead  were  the  only  specimras  P^sent. 
Lead  is  corroded  in  this  test,  but  it  should 

corrosion  is  less  unler  the  sane  conditions  with  MLO  7010  than  with 
PRL  3161.  PRL  3161  snews  a ^juate  lead  corrosion  resistance  to  meet 
Spec.  MIL-L^7808.  Under  sin—  ar  test  conditions,  compositions  similar 
to  GTO  16  and  GTO  17  show  less  corrosion  and  somewhat  more  coating 
tendencies  than  MIX)  7010. 


The  slui'*s  or  dirtiness  in  this  oxidation  test  is  lower  for 
HLO  7010  than  for  3161  or  the  other  blends  on  Table  83  centring 
dilsoprotyl  acid  phosphide.  should  be  esphasized  that  MLO  7010 
contaLs  1.0  weight  per  cent  Paranox  ZAl  whUe  the  other  coapositions 
4 r\  e v^isht  cer  cent  phenothiasine.  Blerds  equivalent  to 
Gio'w'^’d  GTO  17  show  a very  low  dirtiness  level  siidlar  to  MLO  7010. 


These  data  indicate  in  laboratory  tests  that  OTO  16,  CiO  17, 
ana  KLO  7010  are  superior  to  PPL  3161  and  PHL  3313  in  lubricity,  trace 
dirtiness  characie"istios,  and  active  aetal  corrosion. 


n.  COKOLUSIOSS.  It  appears  that  high  teoperature  stability 
and  lubricity  are  the  aost  iaportant  properties  in  an  iaproved  jet  engi.ne 
Tn  '''injunction  with  these  required  high  temperature  properties, 
current  low  teaperature  standards  should  be  rviint,Bined  or  iaproved  if 


possible. 


The  acid  hydrogen  in  the  alkyl  acid  ihosfhites  appears  to  be 
responsibJ..  to  a large  e.xtont  for  the  excellent  iubricity  pro^rties 
imparted  by  concentrations  of  these  additives.  The  ^finity  of 

th»  acid  hydrogen  for  aetal  surfaces  appears  to  be  responsible  for  the 
preferential  presence  of  the  additive  in  the  wearing  area.  Several 
organic  acids  containing  either  chlorine  or  sulfur  show  scae  ^.ti-wear 
end  anti-seize  properties.  These  aaterials  are  not  as  sffecw*.c  as 
the  alkyl  acid  phosphites. 


Essentially  all  of  the  ester  and  aineral  oil  blends  cental^ 
ine  alkyl  acid  phosphates  and  phosphines  show  an  increase  in  neutrali- 
z^ion  nuaber  on  storage  in  stoppered  glass  bottles  at  roon  teaperature 
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Table  83 
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OXIDA^IOK  AKD  COHROSlON  CKARACTKUSTICS  CP  SKVKftAi,  GEAR  LuBHlCAKTS 

iCST  ltd  IN  ACCCP&AkCC  VITlI  SPEC,  MIL-UTSOS. 

TEST  COstlTriH?  «KC  TtKPERATtSE  • y*  i 5**^.;  TEST  Tin  - 72  HOURS;  AIR  RATE  - 10  1 I 

Lic-w  PER  TEST  fLOlO  «•  100  K..-,  AkO  CATALYST  «•  « : |N£n 

EA^TN  ; METALS  INDtCATEO. 
lEST  FLUID  COMPOSITIONS:  SEE  TA3LE  81. 


FLUID  DESiCNATION 

PRL  35151*) 

3 

A 

2 

3 

2 

3 

;c»ASK  5.i¥:SCCS:TT 

AT  I50*F. 

♦5 

*5-1 

♦5 

♦3 

♦5 

♦9 

AT  0*f. 

♦7 

48 

♦7 

♦7 

♦7 

4|| 

KcL'T.  NO.  (KC.  KOM/CM.  OIL) 

2.5l'l 

ORIS’XAL 

0.2 

C.l 

8.2 

0.2 

0.2 

0.2 

FUA«. 

2.! 

‘•5 

1.2 

3.D 

3.3 

3.7 

5.* 

A.S.T.K.  UHIOS  :OLC*R: 

ORICINAL 

2 

2 

2 

1 

1 

1.1/2 

3 

FINAL 

>8 

50 

>6 

>8 

>8 

58 

ITT.^l  INSOLUSLE  MATERIAL 

FINAL  catalyst  CONDITION 

0.2 

o.> 

0.. 

0.1 

O.' 

0.0 

o.< 

APPEARANCE 

vW*P£K 

SOU 

S3-L 

C0P*CDED 

COATED 

COATED 

COATED 

steel 

DULL 

oua 

DCU 

COATED 

• 

COATED 

COATED 

ALUMirpT 

Dua 

DULL 

DULL 

COATED 

• 

COATED 

COATED 

HASnSlUM 

DULL 

dull 

02! 

COATED 

• 

COATED 

COAIED 

AC>PLTD.  STEEL 

DULL 

- 

CORRODED 

COATED 

• 

• 

LEAD 

VT.  LOSS  {KS./$9.  CM.) 

■ 

CORROKD 

CORRODED 

COFStODED 

' 

‘ 

COPPER 

*0.05 

40.02 

0.27 

♦1.29 

*o.?3 

4C.47 

STEEL 

**0.05 

40.0> 

.9.02 

40.76 

•*0.33 

4O.I5 

ALUNIXUK 

0.02 

4C.02 

0.00 

40.11 

40. i« 

40.11 

KASXESIUM 

♦C.O5 

♦O.QI 

0.01 

40.I9 

40.02 

40.29 

A5.PLT0.  STEEL 

0.02 

o.?f 

40.14 

LEAD 

- 

- 

10.22 

3.07 

• 

- 

( I)  TEST  fluid  for  THIS  TEST  VAS  STORED  AT  ROCH  TEMPERATURE  FOR  O RORTKS  IN  A STOPPERED  CLASS 
80TTU. 


3 

1 

■f 

A 

"I 

.1 


I 

I 

.1 
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(?0*  to  80®F.).  “nils  phenoctenon  ap9«ars  to  be  related  to  the  Jydroly-iio 
stability  of  the  additives.  Scae  cosaercial  Spec.  MII,-L~7^3  type  fluids 
coritainiRg  tricresyl  phosphate  show  a neutralization  nuaber  increase  on 
storage.  Ail  of  c-he  fluids  cc^taining  alkyi  acid  pnos?iiit'=-3  ai:d  the 
c«rgaercial  Spec,  MH/-L-7808  flxdds  shovdng  a neutralization  nusber 
increase  on  storage  show  iapreved  lubricity  after  storage.  Several 
slkyl  acid  phosphite  additives  stored  neat  ^pear  to  give  inproved 
libricity  properties  wh^n  blended  in  estep-l»sc  fluids.  These  fresh 
blonds  show  improved  lubrici.t.y  but  not  ah  increased  neutralization 
n\nu^r.  Tne  (Ganges  in  the  ali^l  acid  phosplilte  which  cause  increased 
l^'.^iclty  with  storage  appear  to  be  changes  in  the  additive  as  opposed 
t'  'lAiT^es  IT.  n conpleted  blend  induced  by  JkiC  additive. 

Prelininary  sttdies  indicate  that  K-10  tool  steel  and  heat 
stabilized  52-100  steel  ball. bearings  can  successfully  be  used  as  spec!- 
oens  for  the  Shell  fouivball  wear  tester.  Tne  effect  of  fluids  contain- 
ing tricresyi  phosphate  is  the  sase  for  52-100  S.P.  type  and  52-100  heat 
stabilized  steel  ball  bearings.  The  effect  of  tricrc^l  phosphate  lubri- 
city additive  on  H-10  steel  ball  bearings  Is  the  sane  at  low  loads  but 
sore  effective  at  high  loa  ngs  than  with  the  52-100  E.P.  type  stee)  lal'' 
bearings. 

Suitable  specisens  for  the  Shell  four-ball  veai'  tester  have  been 
prepared  free  titanius  and  titanium  alloys.  No  effective  lubricants  have 
been  found  for  titaniu&-ork-titanl«a  bearing  systeas.  Ccnver.tior*al  S.P. 
lubricity  addlti\'ed  generally  isprove  steel-on-titanlua  lubrication. 

The  cechanisa  of  ieproved  ste*\-on-titanim  lubrication  appears  to 
include  a cheaical  erosion  acuron  on  the  steel  ceeber  which  keeps  to  a 
z&inlAuw  titarlua  pickup  by  the  steel.  5teel-on-titaniua  alloy  ^steas 
appear  to  be  so(ce>hat  harder  to  lubricate  than  steei-on-pu'*e  titaniic: 
systeas. 

The  overall  effect  of  increasing  the  phenothiazine  concentratiun 
to  at  least  2.0  weight  per  cent  is  to  isprove  the  stable  life  or  induction 
period.  At  tenperabures  of  500*F.,  where  the  induction  period  or  stable 
life  is  toe  <thort  to  aeasure  as  a significant  nisaber,  increased  pheno- 
thiazine  concentration,  is  effective  in  reducing  the  rate  of  oxidation. 

Tne  effect  of  the  phenothiazine  shows  good  persistence  for  periods  of 
30  to  60  hours  at  500*F.  All  accelerated  oxidation  and  corrosion  con- 
ditions give  indication  of  "trace  dirtiness"  within  the  stable  life 
of  the  fluid.  There  are  indicat^ns  that  this  "trace  dirtiness" 
increases  with  increasing  phenothiazine. 

In  all  cases  evaluated  in  the  region  of  incipient  oxidation, 
uninhibited  di-2-ethylhe:^l  se^cate  appears  to  be  cleaner  on  oxidation 
than  a phenothiazir^-ir.hibitcd  di-2-ethylhexyl  sebacate.  Analysis  of 
the  oxidation  products  indicates  that  the  presence  of  |henothiazine 
concentrates  the  effects  of  incipient  oxidation  on  a relatively  few 
fluid  colecules  causing  sludge,  while  in  the  uninhibited  ester,  the 
saae  asoxmt  of  o:^en  is  spread  oat  over  a uuch  larger  portion  of  the 
molecules  resulting  'n  soie  viscosity  increase  but  less  sludge.  These 
data  woxdd  indicate,  in  general,  that  it  is  desirable  to  obtain  as  &uch 
inherent  stability  as  possible  cy  ester  and  biilk  fluid  refining  jo  that 
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tne  concentration  of  ph'^.cthiatine  cay  be  held  to  a •ainiaiSL. 

All  of  the  phosphorus-containing  ester  flu^s  evaluated  at 
500*F.  in  an  accelerated  cxidaticn  test  show  ^.ncreased  sludging  tenden- 
cies. Tne  use  of  Paranox  4fel  instead  of  t^,cnothia^ine  does  not  alter 
substantially  these  sludge  foraing  tendencies.  There  is  no  appreciable 
differe-ice  in  sludge  foming  tendencies  between  compositions  of  the 
PHI  3161  type  prepared  to  the  same  lubricity  level  in  the  one  case  with 
5.0  weight  per  cent  trlcresyl  phosphate  and  In  tne  second  case  with  0.1 
weight  per  cent  of  an  ali^l  acid  phosphite. 

Alkyl  acid  phosphite-hirrfered  pher.ol  inhibitor  Cw^iiAtiens 
offer  e'lianced  oxidacx  .1  and  corresion  stability  at  high  temperatures  in 
mineral  oils  as  well  as  in  diester  cocposlticns.  Pher^l  alpha  najiithyl- 
amine  is  also  a good  high  temperature  oxidation  inhibitor  for  nir;oral 
oils.  There  are,  in  general,  more  indications  of  oxidative  deterioration 
and  corresien  in  the  347*?.  oxidation  and  ecrrvsion  bests  for  the  mineral 
oils  during  the  so-called  induction  period,  or  stable  life,  than  is  the 
case  in  the  diester  fluids  evaluated  previously  by  this  Lauoraboxy.  The 
effect  of  a given  inhibitor  to  o'  trol  property  changes  ?.zd  corrosion 
of  metals  during  the  Induction  pc.  od  of  a 347*?.  oxidation  and  corrosion 
test  decreases  as  the  molecular  weight,  or  viscosity  grade,  of  the  same 
type  of  mineral  oil  increases. 

The  problem  of  developing  a satisfactory  jet  engine  oil  for 
operation  in  tie  teaperattirc  rai^e  of  500*  to  600*?.  (bulk  oil  tei^era- 
ture)  requires  the  same  basic  prope'^y  evaluations  as  the  developcent 
of  a high  temperature  hydraulic  fluia.  More  emphasis  will  be  placed 
on  lew  temperature,  oxidation,  and  corrosion  properties  for  the  jet 
engine  oil  development. 

Preliminary  oxidation  and  corrosion  data  indicate  that  an 
extended  useful  life  at  500*F.  will  be  extremely  difficult  to  provide 
in  the  presence  of  large  amounts  of  air  «r  oxygen.  Seme  of  the  coa- 
positions  showing  eaximm  oxidation  and  corrosion  stability  nave  not 
as  yet  been  shown  to  possess  adequate  lubricity  (silicones)  or  rubber 
seal  compatibility  (i^clor).  Silicates^  esters,  polyglycol  ethers, 
QOithetic  hydrocarbons,  and  mineral  oil  fractions  fall  in  the  same 
general  area  of  oxidation  and  corrosion  stability  at  500*F. 

Increased  Jet  lubricant  life  at  high  t*«»p®»*atu-rcs  may  best  be 
achieved  hy  & ccnblnation  of  fluid  isprovffients  cotq^ed  with  mechanical 
changes  to  emphasize  the  strong  properties  of  the  improved  fluids. 

Fluids  of  adeq^te  thermal  stability  for  jet  engi.\e  oils  at 
500®  to  600*P.  bulk  oil  temperatures  have  teen  ^own  in  the  hydraulic 
fluid  section  of  this  report.  The  use  of  aK^l  acid  phosphites  and  to 
a lesser  extent  trlcresyl  pho^bate  tends  to  increase  the  rate  of  thermal 
degradation  of  dibasic  acid  e^ers  at  500*P.  ar^  above.  The  alkyl  acid 
phosphites  and  tricresi'l  phosphate  are  added  to  the  lubricant  to  improve 
the  lubricity  level. 

A series  of  monobasic  acid  esters  (pelarg<mic  acid  esters)  have 
oeen  evaluated  as  base  stock  materials  for  jet  engine  oils.  In  general, 
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tnese  oonobasic  £.cid  esters  ccepare  ra\crably  in  properties  with  con- 
ventional dibasic  acid  esters  as  base  stocks  for  jet  engine  oil  forau- 
lations.  Tne  pelargonate  esters  show  poor  tricre^l  phosj^ate  suscepti- 
bility, siailar  to  diesters  prepared  frca  glycols  and  oonobasic  acids. 

Several  jet  engine  oils  with  improved  lubricity  have  been 
fomulaied  for  fui’ther  testing  in  high  teaperature  stability  and  lubri- 
by  the  ifright  Air  !>eYe3  opsient  Center  and  th€  Southwest  Research 
Insti\ute.  These  ilxiids  contain  alkyl  acid  phospiiite  additives  and  are 
Vaej-M  on  the  basic  research  on  cospositions  of  this  type  covering  the 
past  ir4rce  ysais. 


H.  FUT*^  rrCStS.  Woxk  on  the  development  of  a thertially  stable 
polymeric  additive  for  impix^vlng  the  viscosity-temperature  character- 
istics of  fluids  and  lubidcants  vdll  be  applied  to  jet  engine  oils  as 
well  as  hydraulic  floios.  The  aaysnia  teBp)eratures  estissated  for  engine 
oils  of  600*F.  IS  lower  than  the  700*F.  estimated  for  hydraulic 

fluids. 


Major  emphasis  in  ' ture  work  vdll  be  concentrated  on  oxidation 
and  corrosion  at  tdgh  teap^eratures.  A pregraa  will  be  urdertaken  to 
study  the  effect  of  increased  o;^gen  availability  and  increased  intlzac^ 
of  air-oil  pixing  on  the  ra'  c of  oxidatiix).  All  general  trends  established, 
thus  far,  indicate  that  increased  intimacy  of  air-oU  aisii^  and  increased 
air  circulation  rate  increase  oxidation  severity  at  500*F.  An  attespt 
will  be  cade  to  extend  these  studies  into  the  regions  which  eight  be 
encountered  in  open  and  partial.^  sealed  lubricant  syst^s. 

It  has  beer,  clcco'ly  sbc'^r*  that  the  quality  aarglr.s  between 
flxdds  decrease  rapidly  with  increasing  temperature  at  500*?.  and  above. 
Many  fluids  do  appear  to  have  substantial  os^gen  tolerance  at  these 
elevated  tenperatures.  Further  studies  will  be  directed  to  a study  of 
various  sequences  of  oxidaticn  tests  to  detei^dne  how  best  to  take 
advantage  of  the  oxygen  tolerance  of  various  n.ulds.  Those  deta  would 
be  useful  to  guide  engine  designers  in  lubricating  high^ 
engines  in  case  nechanical  changes  are  required  in  the  lucricant  systes. 

A panel  cokirg  apparatus  is  being  installed.  Tnis  unit  will 
be  used  to  measure  high  tepperxLurt;  stability  undar  varying  conditions. 

Higa  teaperature  hydraulic  piup  tests  will  be  continued.  Jet 
engine  oils  will  be  included  in  this  test  prograa  along  with  hydraulic 
flind  copposlticns.  The  main  points  of  eaphasi*  vdll  be  lubricity  at 
high  t^peratures  ard  alniP’.s^  viscosities  in  tlie  jet  engine  oil 

studies.  Lv4)ricity  studies  are  currently  limited  for  the  post  part  to 
1'  M cii  tcapercturcs. 

Further  work  on  the  jet  engine  oils  vdth  alkyl  acid  phosphite 
lubricity  additives  will  be  dependent  to  a large  extent  Mpon  the  outcome 
of  cuxTcnt  evaiuatior.3  being  conducted  by  the  Wright  Air  Development 
Center  a^vl  the  Southwest  Research  Institute. 
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A.  G5MKRAI . It  has  been  indicated  that  the  Force  is 
encountering  soae  difficulty  vdth  jet  fuel  dirtiness  in  current  opera- 
tions. These  pixjbl^is  arc  noted  pricarily  as  deposits  in  portions  of 
the  fuel  systea  in  which  the  fuel  is  heated  usually  on  its  way  to  the 
burner.  This  includes  the  portion  of  the  srstea  between  the  fuel-oil 
heat  exc.\2n?:cr  and  the  fuel  nottle.  In  these  cases,  the  I'uci  lo  heated 
in  the  presence  of  cassolved  air  in  an  environaent  ^eetal  sur- 

faces. ‘iii?  hifd»  tenperature  dir+dness  of  Jet  fuels  is  x>ot  adequately 
prediut-i  or  define?  ^ conventional  low  teespe-sture  stozo^c  stability 
evaluations  and  AS'Ql  tests.  There  is,  however,  scoe  indication  that 
these  overall  dirtiness  trends  of  jet  fuel  are  increased  with  storage  tise. 

The  Materials  Laboratoxy,  WCSlBi,  of  the  Vfidght  Air  Develcjssent 
Center  requested  that  this  Laboratory  oake  a study  of  the  high  teaperature 
deposit  foxalng  tendencies  of  jet  fuels.  It  was  indicated  that  tMs  study 
should  inclxide  various  classes  of  hydrocarbons  which  are  not  now  being  used 
in  the  preparation  of  JP-L  fuel.  In  general,  the  JP-4  fuel,  as  it  is 
supplied  curr«!itly,  is  believed  ..  be  a straight  run  product.  That  is, 
no  cracked  cesponents  arc  present.  This  is  the  first  fuel  study  under- 
taken by  this  Laboratory  under  the  current  Air  Force  Contract  AF33  (033)18193. 
This  Laboratory  nas  saintained  a project  concerned  with  the  coaposition  and 
physical  separation  of  fuels  in  the  gasoline  and  jet  fuel  range  for  the 
past  20  years. 

T}te  dirtiness  or  d^osit-vroblea  has  been  considered  in  these 
initial  studies  on  the  basis  of  existent  and  potential  gaa.  Gira  is  the 
tens  conventionally  applied  to  the  foisation  of  essentially  non-volatile 
and/or  insoluble  products  in  fuels.  These  saterials  are  products  of 
cxidaticn  and/or  condensation  of  the  fuel  r.oted  under  storage  and 
accelerated  oxidation  conditions.  Tae  term  gua  as  used  in  this  dis- 
cussion is,  therefore,  core  inclusive  than  sludge  or  insolubles  ,i)oxmally 
used  to  characterize  oxidative  deterioration  of  hydraulic  fluids  and 
lubricants.  Existent  gua  cesprises  non-volatile  ax2d  insoluble  material 
that  is  present  in  the  fuel  at  the  time  of  svalxaation.  Potential  gum 
refers  to  the  relative  ease  and  quantity  of  non-volatile  and  insoluble 
product**  forced  upon  storage  or  upon  subjection  of  the  fuel  to  thermal 
Slid  oxidative  treatcent. 

The  control  of  existent  gvo  is  a prcl^em  of  removal  of  the 
gum  from  the  fuel  by  physical  processes,  or  of  the  dispersion  or  susper<- 
sicr.  of  the  gun  in  the  fuel  to  prevent  imdesirable  deposits  at  critical 
sui‘faces  such  as  heat  exchangers,  filters,  and  nozzles.  In  the  long 
rar.gc  program,  the  problem  of  potential  gum  is  probably  the  more  important 
of  the  two.  Octroi  of  potential  gua  is  probacy  a more  complex  probloa 
than  removal  of  ^cistent  gia.  Potential  gxs  control  can  be  attacked  by 
the  use  of  oxidation  inhibitors,  and  by  a basic  study  into  the  type  of 
conpounds  required  to  produce  g;a  on  <^daticn. 

Tne  study  of  chemical  species  and  their  relation  to  g»rs  fonna- 
tion  has  been  approached  from  two  general  directions.  First,  a JP-L 

HADC  TR  55-30  Ft  3 ’ - 132  - 


i 

I 


T 

J 

] 


r . 

^ ! 


standard  (dirty)  referee  fuel  has  be«i  subjected  to  various  physical 
separation  processes  to  d'^ter^iinc  the  effect  of  these  separations  on 
potential  gua  foraaticn.  Ihese  pi^'sical  separation  processes  include 
distillation,  silica  gel  adsorpticn,  and  liquid  extraction  with  a liquid 
asEcrda-aair.s  solvent.  The  second  approach  is  to  study  p'ore  hydrocarbons 
ai^  possible  typ-es  of  aineral  oil  inourities,  both  alone  and  in  gmthetic 
fuel  blends,  to  detcraine  the  potential  gaa  foraation.  Tii^.s  latter 
approach  is  nade  practical  by  the  large  inventory  of  pure  hydrocarbon 
types  acciraulated  over  the  years  by  this  Laboratory  in  conjunction  with 
research  in  the  physical  separations  processes. 

The  referee  fuel  was  obtained  rroa  tue  Baltimore  Refinery 
of  the  Ssso  Stai. ‘ard  Oil  Ccapany.  Approxiioately  200  gallons  of  this 
JP-4  referee  fuel  were  pxirchased  for  use  in  this  study.  It  is  believed 
that  this  JP-4  i-eferee  fuel  is  designed  to  exhibit  naxlroua  dirtiness 
allowed  under  the  JP-4  specification. 


B.  LIQUID  EXTRACTION  USIT  USSD  IK  rtS  SEPARATIOH  OF  JP«4 
RSFaRB  FU5L.  This  unit  consists  of  a 20  stage  extractor  with  auxiliary 
equipcaent  for  solvent  and  ; oduct  recovery.  It  is  designed  pricarily 
for  continuous  operation,  o.  it  has  been  used  satisfactorily  for  batch 
operation.  In  the  present  stu^y,  continuous  operation  was  used. 


The  extractor  has  20  individiial  stages  stacked  on  top  of  one 
another.  STficiency  tests  indicate  these  stages  approach  theoretical 
stages,  i.e.,  equilibrita  between  the  two  phases  is  reached  on  each 
stage  and  separation  of  the  p*^ses  is  coaj^ete.  The  extractor  is  con- 
structed so  that  the  location  of  the  feed  point  can  be  changed  to  give 
various  ccabinations  of  enriching  (above  the  feed)  and  stripping  (below 
ths  feed)  stages.  TT;c  extractor  is  equipped  with  s^plir^  lines  for 
both  phases  on  each  ;itage.  Sacb  stage  has  a water  injection  point  to 
decrease  th<»  hydrocarbvu  oolubility  in  the  extractor  since  water  acts 
as  an  anti-solvent. 


The  prcdcoiinant  constituent  of  the  solvent  is  aszaoriia.  Mono- 
cethylaaine  is  added  to  assonia  to  increase  the  solubiHiy  of  the  hydro- 
carbons in  the  solvent.  The  light  i^se,  or  solvent  plus  hydrocarbon, 
leaves  the  top  of  the  extractor  to  be  separated  in  the  recovexy  ^stea. 
The  heavy  phase,  or  hydrocarbon  saturated  with  solvent,  is  pvraped  fron 
the  bottco  of  the  extractor  to  the  recovery  ^stea.  The  solvent  frea 
these  two  streaas  are  ccebined  to  be  used  over  again  in  the  extractor. 


The  hydrocarbon  froa  the  light  or  solvent  phase  is  split  into 
two  streans:  (1)  extract  product,  and  (2)  reflijx  to  be  returned  to  the 
extractor.  The  hydrocarbon  troa  he  heavy  phase  is  the  raffinate  product. 
The  extract  product  is  coabdned  with  the  raffinate  product  to  be  used 
over  again  as  bydiocarbon  feed.  In  this  way  extensive  separatlonal 
studies  can  be  made  on  an  orlgiiuil  charge  of  25  to  30  g2dl<^s  of  hydro- 
carbon feed. 


1.  Operating?  Conditions.  Six  separate  extractions  were  nade 
on  the  "topped"  JP-4  fuel.  Of  these,  five  extractions  (runs  231,  232, 
233,  23A  and  235)  were  of  an  e^qploratory  nature  and  three  of  the  cain 
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extraction  variaoles  ''ere  stndie'l.  The  operating  conditions  for  these 
extractions  are  shown  on  Table  84.  These  variables  are  product  propor- 
rionaent  or  extract  yield,  solvent-to-cil  ratio,  and  stage  distribution. 
Approxirsately  one  to  two  liters  of  extract  product  along  with  the  corre- 
sponding anount  of  raffinate  were  collected  in  these  runs  for  analysis 
and  i'jr  a study  of  their  properties. 

Suns  250  ano  25?  ».«»’»  production  extractions  in  which  large 
amounts  (approx.  15  gals,  of  extract)  of  end  products  were  produced.  The 
I’aiiin.w-  nroduct  of  run  236  was  used  as  feed  for  run  37.  In  this  way, 
the  cr"**  easily  e:^racted  ccopounds  wei'e  reaoved  by  the  extraction 

(run  and  an  th  subsequent  extraction  (run  37),  coopoimds  more 

difficult  to  oxtracc  were  removed.  The  average  operating  condition  for 
runs  36  and  37  arc  given  in  Table  84. 

The  solvent  used  contained  9 to  25  weight  per  cent  conesaethy- 
amine  in  amonia.  i^ater  injection  was  used  an  run  32  to  reduce  the 
hydrocarbon  solubility  above  the  feed  stage.  The  water  was  necessary  for 
this  run  since  a saall  proport'  n of  the  feed  (8.5  vol.  %)  was  taken  as 
extract  product  and  the  eperat.-  • conditions  were  such  tliat  this  product 
was  pure  aromatics.  In  such  an  extraction,  the  solubility  of  the  more 
soluble  ccapoiznds  increases  rapidly  as  they  concentrate  toward  the  top 
of  tr.e  extractor,  thus  requiring  an  antisolvent  to  raintain  two  liquid 
phases. 

In  these  six  extractions^  the  solvent-to-oil  (feed)  weight  ratio 
was  varied  from  1:1  to  3:1<  The  vcaperatiire  range  in  the  extractor  during 
operation  was  6)*  to  i02*F.  Actually  the  temperature  gradient  between 
the  feed  stage  and  the  top  sta^e  01  the  extractor  rax^ged  frxm  about  25^ 
to  34®F.  This  helped  to  maintain  the  hydrocarbon  solubility  in  the  sol- 
vent within  the  limits  of  10  to  30  weight  per  cent. 

Pour  different  stage  distributions  were  used  in  an  effort  to 
detencine  the  effect  of  enriching  and  stripping  stages  on  the  separation. 
The  liost  effective  stage  distrioution  will  vary  with  operational  condi- 
tions. Therefore,  when  other  conditions  are  ai'sered  it  is  ofiin  necessary 
to  relocate  the  feed  point,  or  change  the  st-ge  distribution,  to  use 
effectively  all  the  stages. 

The  effects  of  these  principal  variables  will  bs  discussed 
later  together  with  graphs  showing  the  results. 

C.  SXTRACTIffl  OF  JP-A  PliSL.  The  main  purpose  or  objective 
of  this  work  was  to  determine  whether  the  '’•dirty*’  portion  of  the  fuel, 
as  well  as  the  potential  "dirty"  compounds,  could  be  reaoved  from  the 
fuel  by  liquid  asaonia  extraction  xising  an  extractor  with  20  stages. 
Another  objective  of  the  work  was  to  p'.'epare  a sufficient  quantity  of 
the  extraction  products  so  that  practical  baock-:^)"  tests  could  be  made 
in  addition  to  the  laboratory  gva  and  oxidation  evaluations.  The  effec- 
tiveness of  the  separation  of  the  type  nydrocarbeno  fer  this  .*ather  wide 
boiling  ranga  fuel  evolved  as  probably  the  most  fruitful  result  of  the 
study. 
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The  referee  fuel  was  purchased  frcei  the  Esso  Standard  Oil  Ccsipany. 
The  exact  origin  of  the  fuel  is  not  known  but,  frca  the  analyses  i&ade^  it 
appears  to  be  aade  up  partially  of  a cracked  stock.  Ihis  is  indicated 
isainly  by  the  presence  of  olefinic  h^lrocarbons  to  the  ext^t  of  eight 
volusje  per  cent. 

A number  of  separation  steps  were  used  in  the  preparation  of 
the  samples  for  *%nock-up”  tests.  These  steps  are  shown  schematically 
in  tne  flow  sheet  of  Figiire  32  and  are  discussed  belcw. 

1.  Fr-*ctionation  and  Analyst  ^ of  Fuel.  As  the  sample  was 
rec-i-'ed  at  thij  I-aboratory,  the  ASIM  boiling  range  was  122*  to  5iO’F. 
Ac^^ually,  ♦'he  atsu.,pheric  pressure  boiling  range  is  wider  than  this 
because,  by  f'^f'tionation,  it  is  about  80*  to  520*F.  The  fractionation 
data  for  the  *.{.  are  given  in  Tabic  85  along  with  sane  physical  proper- 
ties on  the  jra'.^ions.  Frcta  these  data,  and  free  silica  gel  adsorption 
data  that  are  not  included,  the  following  analysis  has  been  arrived  at 
for  the  fuel. 


Hvdrocai  »n 

Vol.  % 

Olefins 

s 

Mcncnucicar  aromatics 

26 

Polynuclear  aroaatics 

2 

Saturates 

oh 

Total 

100 

i 


A further  analysis  of  the  ar«atic  portion  is  as  follows; 


0 

|! 


Arcoatlc  Group 

Toluene 

C-o 

C-9 

c-io 

C-U,  C-12  and  higher  hononuclear 
C— 10,  C— li  ^id  C— 12 

Total 


I 


The  polynuclear  arccatics  referred  to  above  consist  aiainiy  of 
the  homologs  of  riaphthalene. 

**  It  is  realized  that  in  making  the  arccatic  analysis  absorp- 
tion in  sulfuric  acid,  some  error  may  be  introduced,  due  to  the  presence 
of  olefins.  However,  since  the  olefin  content  is  rather  low,  this  error 
is  probably  not  appreciable.  Furthermore,  the  total  aromatic  content  by 
the  acid  absorption  of  the  fractions  and  ty  the  silica  gel  adsorption  of 
the  oveiall  fuel  agree  quite  well. 


viously. 


2.  Topping  of  Fuel  for  Liquid  detraction.  As  mentioned  pre- 
the  boiling  range  of  the  fuel  as  received  inclxided  hydrocarbons 


toilii^  as  low  as  about  80*F.  Amaonia  forms  azeotropic  mixtures  with 
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sorte  hydrocarbons  boiling  below  about  200*F.  In  the  solvent  recovery  syste* 
of  the  extraction  unit,  the  solvent  is  separated  froa  the  hydrocarbon  and 
purified  for  reuse  by  distillation.  Therefore,  any  hydrocarbons  that  are 
present  ir*  the  extraction  products  that  fora  azeotropes  with  ainronia  will 
contasdnatc  the  solvent  that  is  returned  to  the  extractor.  This  means 
that  an  impure  solvent  would  be  used  which  sight  be  objectionable  in  cak- 
ing a ^ery  shani  separation.  ifydrocart>ons  boiling  above  about  200 'F.  do 
not  fon.’  azeotropes  with  asinonia. 

For  these  reasons  the  oaterial  boiling  helcv  about  200*F.  was 
rc-wco  the  fuel  by  fractional  distillation  to  prepare  the  feed  for 
the  I'ciic  extraction  study.  This  was  done  oiily  because  ii.  w^s  more 
convcni‘=’'.c  to  operate  •’he  extraction  unit  vdth  this  lower  boiling  material 
resaoved.  It  is  believed  that  this  lower  boiling  material  would  haw  little 
or  no  affect  on  the  d,*rtincss  of  the  fuel. 

Four  barrels  (130  gallons)  of  this  fuel  were  "topped*'  to  reaaove 
the  material  boiling  below  about  200*F.  This  was  done  in  this  Laboratory's 
75-platc  colion  which  is  equipped  with  a still  havir^  a capacity  of  k5 
gallora.  This  distillation  is  s>  'wn  as  step  A in  the  flow  sheet  of  Figure 
32.  In  Table  86,  the  data  are  g en  for  one  of  the  distillations  which 
is  typical  of  the  other  three  that  were  also  made.  The  •’topped"  fuel, 
or  the  feed  for  the  liquid  extractions,  r presents  85  volume  per  cent  of 
the  original  JP-t  fuel.  This  oaterial  is  shown  as  product  3 in  Figure  32. 

In  other  words,  15  voluae  per  cent  of  the  JP-t  fuel  was  discarded  (product 
2 in  Figure  32).  The  estimated  cooposition  of  the  oaterial  below  about 
500*F.  is  15  volice  per  cer.’  olefins  with  the  balance  being  naphthenes  and 
paraffins.  Sssentially  no  benzene  ^.^pears  to  be  present. 


3.  ldQ\dd  JSxtraction  of  "lopped"  Fuel  (200*^-520*^?.).  A total 
of  six  extractions  was  made  on  the  **toppcd"  jet  ft>el.  In  this  series  of 
runs,  acme  of  the  principal  operating  variables  were  studied,  namely, 
solvent-to-oil  ratio,  stage  distribution,  and  product  yield.  The  detailed 
operating  condiwom  for  these  runs  has  been  given  previously  cn  Table  84. 
The  analyses  of  the  products  froe  these  six  runs  (Nos.  231  to  236),  as 
well  as  a sioaarization  of  the  operating  conditions,  are  given  in  Table  87. 

One  method  that  was  used  for  evaluating  scce  aspects  of  the 
"dirtiness**  of  this  JP-4  fuel  is  existent  gum  number  (ASIH  Ke*bol 
D331-52T).  This  property  for  the  extraction  products  is  also  included 
in  Table  87.  It  will  be  noted  that  the  gm  content  of  both  the  extrac- 
tion products  from  the  individual  runs  is  higher  than  the  original  JP-4 
referee  fuel  and  this  gum  content  is  not  greatly  altered  by  changes  in 
the  extraction  conditions.  On  the  other  hand,  the  hydrocarbon  type 
analyses  for  the  extraction  products  are  quite  different  with  changing 
extraction  conditions.  For  example,  in  run  232  (8.5  vol.  % of  feed  zo 
extract)  the  aicoatic  content  of  the  extract  is  100  per  cent,  whil  in 
run  i95  (31  vol,^  of  feed  to  extract)  it  is  about  74  volume  per  cent. 

These  two  runs  represent  che  extreme  differences  in  the  analyses  for 
this  series  of  runs.  The  analyses  of  the  products  from  the  other  runs 
are  within  these  two  extremes. 
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In  Figure  33,  the  aromatic  content  of  the  extract  and  the  per 
cent  of  the  feed  aiximatics  in  tho  extract  are  plotted  against  the  extract 
yield  of  feed  to  extract)  for  the  two  different  solvent-to~oil  ratios 
used.  Tliese  curves  show  clearly  the  effect  of  the  two  variables,  solvent- 
to-oil  ratio  and  extract  yield,  on  the  aromatic :non-aroraatic  separation. 

The  other  principal  variable  studied,  stage  distribution,  does  not  appear 
to  affect  greatly  the  nature  of  the  end  products. 

Au  mentioned  previously,  tho  first  oix  runs  (231  to  236)  were 
made  on  the  '^topped”  fuel.  The  first  five  of  these  runs  were  experi.^ 
vdth  rather  small  end  product  samples  being  reox>ved.  In  run  236 
ister  H -ir  Fie;uie32),  about  100  gallons  were  processed  Mirovgh  the  extractr^r, 
re!5i’j.ting  in  abo”t  15  gallons  of  extract  product  (product  No.  4 in  Figiu*e 
32)  and  85  gallons  of  raffinate  product  (product  No.  5 in  Figiire  32). 

This  run  was  made  principally  to  produce  an  extract  that  represented  the 
most  soluble  compounds  present  in  the  feed,  so  that  the  dirtiness  character- 
istics of  this  portion  could  be  determined.  If  the  polarity  of  the  com- 
pounds has  anything  to  do  with  deposit  formation  and  dizziness,  then  the 
"dirty"  qualities  of  this  cample  should  be  magnified  over  that  of  the 
original  JP-4  fuel. 

This  extract  represents  15  volinne  per  cent  of  the  topped  fuel, 
consists  of  96  volvDue  per  cent  aromatics,  and  contains  about  45  psr  cent 
of  the  aromatics  present  in  the  topped  fuel.  As  noted  in  Table  87,  it 
also  contains  about  50  per  cent  of  the  feed  polynuclear  aromatics. 

Ihe  raffinate  from  run  236  was  then  used  as  the  feed  for  liquid 
extraction  run  237  so  that  a s^-ond  extract  product  could  be  prodxaied. 

Tnis  step  is  shown  in  Figure  32  as  step  C.  In  this  run  (237),  the  extract 
product  (product  6 in  Figure  32)  represents  I8  volume  per  cent  of  the  feed 
or  15  volume  per  cent  of  the  topped  JP-4  fuel.  The  aromatic  content  of 
this  extract  is  69  volume  per  cent  as  compared  to  96  per  cent  for  the  fiz'st 
extract.  Also,  the  nature  and  relative  proportions  of  the  aromatics  in 
these  two  extracts  are  probably  quite  different.  The  aromatic  content 
of  the  raffinate  from  run  237  (product  7 in  Figure  32)  has  been  reduced 
to  9 volume  per  cent,  as  compaz*ed  to  21  per  cent  for  run  236  raffinate, 
and  33  per  cent  for  the  feed.  The  olefin  content  is  about  the  same  in 
all  three  cases,  so  as  the  aromatic  content  is  decreased,  the  saturated 
(paraffins  and  naphthenes)  hydrocarbon  content  is  correspondingly 
increased.  

From  those  two  extractions  the  following  four  products  were 

made: 


1.  Extract  from  run  236.  Represents  the  first  15  volume  % 
of  the  topped  JP-4  fuel  removed  by  extraction. 

2.  Extract  from  run  237.  Represents  the  second  15  volme  % 
(15  to  3056)  of  the  topped  JP-4  fuel  removed  67  extraction. 

3.  Raffinate  from  run  236.  Represents  85  volume  % of  the 
topped  JP-4  fuel.  The  other  15%  of  the  feed  is  aromatics 
removed  by  extraction. 
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4.  Haffinate  I’roru  run  237.  Represents  70  volume  % of  the 
topped  JP-4  fuel.  The  otner  30^  of  the  feed  was  I'emoved 
as  extracts  and  consisted  of  about  80  per  cent  aromatics. 

Thr  hydx-ouarbon  type  analyses  listed  in  Table  87  were  made 
chiefly  from  the  refractive  index  and  bromine  number  measurements  of 
fracticnc  from  the  fractional  distlxlation  and  fractional  silica  gel 
adsorption  of  the  products. 

The  data  for  all  the  individual  sxlica  gel  adsorptions  and 
fractiov;i  . Oistili.ations  are  not  included  here,  but  plots  are  given  for 
both  adv..  rption  and  'distillations  that  illustrate  these  twr  methods  of 
analysi>o.  Figure  34  o a plot  of  the  analyses  for  the  fractional 
silica  gel  adsorption  of  the  feed,  the  extract  product,  and  the  raffi- 
nate product  from  a typical  extraction  run  (235)  on  this  topped  fuel. 
This  plot  shows  clearly  that  the  hydrocarbon  type  separations  by  this 
method  are  quite  shaiTi.  This  analytical  method  has  proved  to  be  very 
useful  in  making  these  and  similar  analyses,  especially  when  olefins  are 
present. 


In  Figure  35*  the  boix.  g point  data  are  plotted  for  the 
raffinate  and  extract  products  from  a typical  extraction  (232).  These 
data  illustrate  that  there  is  a substantial  difference  in  the  boiling 
points  of  the  two  extraction  products.  This  difference  decreases 
somewhat  as  the  extract  yield  is  increased,  or  as  more  of  the  aromatic 
hydrocarbons  are  removed  into  the  extract  product. 

The  flow  sheet  for  the  separation  of  JP-4  referee  fuel  indicates 
that  the  raffinate  and  extract  products  have  been  subjected  to  further 
distillation.  This  additional  distillation  step  is  necessazy  to  reduce 
the  existent  gum  value  of  the  products  fzxmi  the  extractor  which  are, 
in  all  cases,  in  excess  of  the  specification  limit  for  JP-4  fuel.  The 
Increase  in  gum  number  in  the  extraction  process  is  discussed  in  more 
detail  in  the  section  on  existent  gxm.  To  prevent,  or  limit  as  much 
as  possible,  the  fonoatlon  of  additional  gum  on  standing  following  the 
extraction  and  distillation  steps,  20  parts  per  million  of  U.O.P. 

Inhibitor  No.  5 bas  been  added  to  the  products  of  extraction  and  dis- 
tillation. 

Oxidation  tests  discussed  in  subsequent  paragraphs  indicate 
that  any  inhibitor  originally  present  in  the  JP-4  fuel  is  effectively 
removed  in  the  liquid  ammonia-amine  extraction  procedure.  Therefore, 
products  taken  from  the  extractor  must  be  reinhlblted.  It  has  been 
epqperimentally  shown  that  U.O.P.  Inhibitor  No.  5 does  not  appear  as 
gum  in  the  air  Jet  gum  test.  Similarly,  distillation  of  extraction 
products  containing  U.O.P.  Inhibitor  No.  5 indicates  that  this 
material  is  volatile^  As  a safety  feature,  however,  it  is  plazmed 
to  add  an  additional  20  parte  per  million  of  U.O.P.  lidiibltor  No.  5 
to  the  extractor  products  that  are  subjected  to  subsequent  distillation. 

The  composition  of  the  extractor  fractions,  acccrdli^  to 
hydrocarbon  type,  show  good  separation  or  concentration  of  the  aromatics 
and  s'dfiir  in  the  extract  fractions,  and  saturates  (naphthenes  and 
.paraffins)  in  the  raffinate  fractions.  A measure  of  existent  gum 

WADC  TR  55-30  Pt  3 - 188  - 


indicates,  however,  that,  che  vaiueo  for  all  extractor  products  are  hi/'her 
than  for  the  topped  JP-4  referee  fuel  used  as  the  starting  material.  ^This 
trend  was  found  to  be  characteristic  of  a basic  wash  of  JF-4.  referee  fuel. 
Potential  gum  studies  after  oxidation,  however,'  indicate  that  some  differ- 
ences between  the  raffinate  and  the  extract  have  been  effected  tqr  extrac- 
tion. It  i£  further  indicated  by  preliminary  tests,  that  a simple  dif?- 
t.  nation  of  the  extraction  products  to  produce  fractions  varying  ace''rd- 
ing  to  increasing  molecular  size  causes  still  further  separation  jji 
potential  gum  values.  It  has  been  found  that  a simple  distiilation  also 
essentially  eliminates  existent  gum  values. 

As  a /osult  of  these  studies,  which  are  described  in  r "ub- 
oequent  section  -.f  this  report,  large  scale  vacuum  distillations  have 
been  conducted  on  the  extract  and  raffinate  portions  of  extractor  runs 
236  and  237  (runs  B and  C on  Figure  32).  These  distillations  are 
designed  primarily  to  reduce  existent  gum  values  formed  or  at  least 
increased  by  contact  with  the  basic  anmonia-amine  solvent  in  the  extractor 
In  all  cases,  the  distillations  were  carried  to  about  95  volume  per  cent 
distilled.  Approximately  10  gallons  of  distilled  products  have  been 
prepared  for  each  of  the  f r materials  discussed,  i.e.,  the  extract  end 
the  raffinate  fractions  fro;.,  runs  236  and  237. 

In  addition  to  these  fovir  major  products,  three  fractions  of 
run  237  raffinate  have  been  prepared  according  to  boiling  range.  Three 
batch  distillations  were  conducted  and  the  same  fractions  from  the  various 
diotiliatlons  blended.  Fraction  1 of  the  raffinate  from  run  237  includes 
the  boiling  range  from  230*  350*F.  (34  vol.  Jt)j  Fraction  2 from  350* 

to  450*F.  (47  vol.  %);  and  Fraction  3 from  450*  to  550*F.  (14  vol.  %). 

The  remaining  5 vol.  % ms  divided  among  the  loss,  holdup,  and  the  residue 

The  relationship  of  these  various  products  from  the  simple 
distillation  are  shown  on  Figure  32.  All  of  these  distilled  products 
have  been  inhibited  with  20  p.p.m.  of  U.O.P.  Inhibitor  No.  5 and  stored 
In  15  gallon  steel  drums  under  a nitrogen  atmosphere.  These  fractions 
are  the  resxxlt  of  efficient  separation  techniques.  The  various  fractions 
do,  therefore,  offer  an  opportunity  to  determine  how  wide  or  how  specific 
the  dirtiness  trends  are  In  this  JP-4  referee  fuel. 

The  fractions  indicated  on  Figure  32  are  being  studied  in 
the  second  phase  of  the  Jet  fuel  test  program.  That  is,  these  fractions 
are  being  evaluated  in  bench  tests  to  determine  their  dirtiness  charactei'- 
istlcs. 


D.  APPARATUS  AND  PROCELJRES  FOR  EXISTENT  AND  POl'ENTIAL  OM 
DETERMINATION . Gum  determinations  are  conducted  in  accordance  with  the 
air  jet  procedure  of  ASTK  Test  Method  D381-52T  "Test  for  Existent  Gum 
by  Jet  Evaporation".  A flow  diagram  of  the  apparatus  used  to  meet  the 
requirements  of  the  gum  deteraination  Is  shown  on  Figure  36.  This 
apparatus  has  been  made  by  modifying  the  constant  temperature  oath 
used  in  an  earlier  study  relating  to  slide  valve  sticking  by  hydraulic 
fluids.  The  construction  details  of  the  bath,  along  with  a wiring 
diagram,  have  been  shown  as  Figures  7 and  S of  report  PRL  5.8-Sep53, 
These  drawings  are,  therefore,  not  repeated  here.  The  temperature  of 
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Table  6k 

OPERATING  CONDITIONS  FOR  THE  LIQUID  ETTRACTION  OF  "TOPPED”  ESSO  JP-4 
REFEREE  FUEL  IN  THE  PO-STAGE  EXTRACTOR  USING  LIQUID  AMMONIA  SOLVENTS 

(THE  "TOPPED”  FUEL  INCLUDES  THE  MATERIAL  BOILING  ABOVE  IOO*C.  (2I2*F.} 

AND  REPRESENTS  85  VOL.^l  OF  THF  JP.4  REFEREE  FUEL) 


MIXER  FHEQUENCY,  CYCLES  PER  MINItTr  . 405  AMPLITUDE,  INCHES  - 0.25 

RUN  NO.  231  232^^^  233  234  235 

STAGE  OISTRIB..-TION,  £/F/S«'>  15/174  I5/F/4  12/F/?  I2/F/7  B/F/ll  I5/F/4  S/F/ll 

oUL v«.»\  I I N.L 

RATE,  LBS./hv.  15  45  45  45  43  45  45 

COMPOSITiw-.  HT.> 

AWiOMf.  91  9*  9'  *5 

MOHOMETHTLAHINE  9 9 9 '5 

solvemt-to-oil  wt.  ratio  i.o  3.0  3*0  3.0 

HYDROCARBON  FEED  RATE,  LBS. /HR.  15  15  »5  '5 

VOL.H  OF  FEED  AS  EXTRACT  PRODUCT  6 8.5  20  19 

EXTRACT  PHASE  LEAVING  EXTRACTOR^^) 

RATE,  L8S./HR.  19*5  57  52  59 

MT.%  SOLVENT  78  ‘ 7®  86  75 

WT.<  hydrocarbon  22  22  14  25 

RAFFINATE  PRODUCT^^^  (SOLVENT-FREE) 

RATE,  LBS./HR.  13.7  •3.S  »'.7  t'.* 

HYDROCARBON  RCaUX 

RATE,  LBS./HR.  2.9  II. I 4.2  11.5 

REFLUX  RATiO<8>  ^ . • . 

TOP  STAGE 
FEED  STAGE 

EXTRACTOR  TEMP.  RANGE,  "F. 

STAGE  16  - SOL,,  vrr.?t^5) 

TEMP..  "F. 

STAGE  12  - SOL.,  WT.H^^) 

TEMP.,  "F. 

STAGE  8 - SOL.,  WT,lt<5) 

TEMP.,  "F. 

STAGE  5 - SOI.,  WT.5l*5) 

TEMP.,  «F. 

STAGE  I - SOL.,  MT.11*5> 

TEMP.,  "F.  


(1)  ENRICHING/FEEO/STRIPPIN6  STAGES.  

2)  THIS  IS  THE  SOLVENT  PHASE  AS  IT  LEAVES  THE  TOP  OF  THE  EXTRACTOR  AND  ENTERS  THE  RECOVERY  SYSTEM. 
THE  DIFFERENCE  BETWEEN  THE  NYCROCARBON  IN  THIS  PHASE  AND  THE  EXTRACT  PRODUCT  IS  RETURNED  TO 

(3)  THE  RAFF*NATE  PH00UCT**?S  THE  HYDROCARBON  OF  THE  HEAVY  PHASE  AS  IT  LEAVES  THE  EXTRACTOR.  THIS 
PHASE  USUALLY  CONTAINS  ABOUT  5 WT.ll  SOLVENT.  THE  BALANCE  IS  HYDROCARBON. 

(4)  REFLUX  RATIO  IS  DEFINED  AS  THE  POUNDS  OF  HYOROCAISON  ENTERING  A STAGE  FROM  THE  ONE  ABOVE 
DIVIDEO  BY  THE  POUNDS  OF  EXTRACT  HYDROCARBON  REMOVED  AS  PRODUCT  PER  UNIT  TIME. 

(5)  SOLUBILITY  IS  THE  WT.^t  HYDROCARBON  IN  THE  EXTRACT  PHASE. 

(6)  IN  THIS  RUN  1.5  LBS./HR.  OF  WATER  WAS  INJECTED  ON  STAGE  6. 

(7)  THIS  WAS  A PRODUCTION  RUN.  THE  OPERATING  CONDITIONS  LISTED  ARE  AN  AVERAGE  FOR  THE  DURATION 

(8)  TH I j”wA8**A* PRODUCTION  RUN  USING  THE  RAFFINATE  FROM  RUN  236  AS  THE  FEED,  THE  IS  VOL.i  OF 
RUN  236  RAFFINATE  REPRESENTS  15  VOL  .it  OF  THE  "TOPPED"  REFEREE  FUEL. 


231 

232(i) 

233 

234 

235 

297(8) 

5/1/4 

I5/F/A 

I2/F/7 

I2/F/7 

G/F/ll 

I5/F/4 

8/F/ll 

15 

45 

45 

45 

45 

45 

45 

91 

91 

91 

85 

82 

85 

75 

9 

9 

9 

<5 

18 

15 

25 

1.0 

3.0 

3.0 

3.0 

3.0 

2.9 

2.9 

15 

15 

«5 

•5 

•5 

15.6 

15.6 

6 

8.5 

20 

•9 

•5 

18 

19.5 

57 

52 

59 

57 

65 

55 

78 

78 

86 

75 

78 

68 

80 

22 

22 

14 

25 

22 

32 

20 

13.7 

I3«^ 

H.7 

11.8 

10 

13.1 

l2.6 

2.9 

II. 1 

4.2 

11.5 

7.5 

18.2 

8.0 

2.2 

8.0 

1.2 

3.6 

1.5 

7.3 

0.3 

3.7 

0.5 

0.9 

0.7 

2.4 

i.b 

72-97 

61-95 

«;-95 

68-102 

68-95 

61-97 

70- ICO 

• 3 

19 

10 

19 

16 

16 

79 

65 

70 

72 

77 

64 

82 

14 

19 

10 

16 

16 

33 

«5 

90 

Bt 

81 

84 

93 

77 

IIN) 

12 

22 

10 

13 

13 

32 

• 5 

92 

92 

95 

102 

92 

90 

99 

8 

13 

9 

II 

10 

14 

12 

97 

95 

93 

99 

92 

97 

99 

4 

6 

5 

5 

4 

7 

6 

94 



93 

99 

92 

92 

99 
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Table  35  (Concluded) 


F»AC. 

Ml. 

H 

EH^I 

TOTAl  CC. 
OISTILLEO 

V0l.1l 

or 

CKARSE 

OIST. 

REFLUX  TENF. 
CORRECTED  TO 
760  m.  hS 

•C.  1 »F, 

REFR 

IN 

BEFORE 

ICTIVE 

EX, 

AFTER 

EXTRACTION 

*f$T, 

VOl.< 

AROMATICS 

66 

460 

4^.080 

S5-9 

236.5 

'.4723 

4&0 

46,460 

86.8 

240.5 

45 

i.<723 

fc' 

4o0 

46,940 

a?.? 

243.0 

469 

1.4700 

1.445* 

28 

69 

70 

‘7,010 

87,0 

l.4^J 

fcCl'*  •® 

. 3« 

•7,3»o 

83.4 

RES 

6,>6c 

ICO 

- 

:.4734 

:.44in 

V 

• TKE  WaUTIC  CCJdrtT  VA$  CAICUIAUO  fwm  TMf  RffRACTIVt  ISDEX  6EF0RE  AMD  AFTEJI  SDlfURIC  ACID 
EXTRACTION. 


ir 

1 
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SOHEHATIO  FLOW  SHEET  FOR  THE  LIQU.'ID  EXTRACTIOH 
All  Poroontoge  Valuoa  Indlcalod  are  on  the  Baola 


4io"r. 


Table  86 

FRACTIOMAL  UISTILUTION  (F  S3S0  Jr-4  RSF21SE  FUH. 

ALUMINUM  CDL’JKL 

{A^PROXIMATav  75  T»£OlCTICAL  KATCS  AID  25:1  R£FtUX  RATIO) 
OECEKSW  1955 

C^IARSF:  JP-A  RCFcR££  fVa  Cf  FO»>VLA  19a  PORCMA^O  FROM  TvC 
cSSC  Sr»8ARD  OIL  CCKPAXY 

VSitK  CaARmO  — :7S«2  ‘.iTTSS 

WtOKRTIES  or  CMARK:  REFRACTivt  INDEX  AT  2C'C.,  Np  - 1.4486 


A.^r.T.t;.  £..:..lLATI0K 
%x.  .«  OiSi.  TcftP..  ♦f. 


i.e.p. 

122 

2 

«5* 

5 

10 

1<J7 

226 

20 

256 

30 

300 

40 

332 

g 

70 

344 

3^ 

3S9 

80 

4*5 

90 

460 

97 

518 

OiSTiLLATE 

<M.O  CC. 

RESICUc 

6.6 

RECOVERY 

99.6 

ESTIMATED  AKALTSIS 
HtpattARBON  VOL.< 

OLEFINS  8 

>^n*jaEAR  AROMATICS  £6 

FCLYruCLCAR  AROMATICS  2 

SATVCATtS  64 

TO^AL  It? 

SOL'bR  CO!IT£*T,  ifT.^;  • 0.29 


5M0 

6070 

70^ 

7^ 

895° 

Jjj'O 

* "10.870  " 
11.850 
12,790 
«3.750 

14,710 

''5.|75  1 

ID, 650 

17,590 

««.550 

. J2.i«o I 

20,475 

21,450 

a.390 

23.550 

_24,3»0 

2J,270 

25,250 


50(C0TT1tEa 
e.*.  CCRRECTED 
TO  7^0  m.  K8 
I *c;  I *F. 

50.75  I 87.4 

5S.7  I 99.1 

58.05_l.i56,i_ 

64,25  i 147.7 

68.50  156.0 

75.«5"  r 775.5 ' 
87.9  ’ 190.2 

S*35-Ll9i-2_ 

94.2  201.6 


25.270  i4.e  1OU.9  t <15.6 

26.250  <5.4  ( 

27,190  15.9  104.6  220.5 

28.150  16.5 

g,ilO  _ 1O8.05  I 222.3 


REFRSCTIVT 

UjgX. 


1.3577 

1.3605 

1.3670 

•.3750 

■ -m- 

1.3300 

U3857 

1.3950 

j 1.4088 

IT4725" 

1.^55 

1.4000 

>.3979 

l^5Q€C 

■ 5.3^" 

'.3995 


‘.<910 

0.70  1.4040 

1.4110 

“ ^ “sT^S  ~ T “ “'s”vr«3  * 


»».05_  _ 222.2. 

113.65  236.5 

HT.95  1 2«*3 


!.4t8S  I 

1.4279 
1.4343 
1.4406 
- _ 
•.4356 

1.4172 

1.4092 

i.icec. 

i.4lSC 
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Aromatic  Coritont  of  S<tract,  Vol.  ^ % oC  Feed  Aromatics  In  E^trac^ 


Figure  34 

FRACTIONAL  SILICA  GEL  ADSORPTION  OF  TOE  FEED  AND  THE  PRODUCTS  PREPA  lED  OT  LIQUID 
EXTRACTION  OF  TOPPED  JP-4  RiSFIUlES  FUEL 

Feed 


$ •'Vik  So>ii$o<»co  cnvKii$3 
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I.he  fath  caij  bo  v'ontroilPd  by  bh^  two  Variacs  shown  in  Figure  36.  The 
temperature  is  coutrclled  manualiy  through  the  Variacs  regulating 
the  heat  input. 

The  well  in  the  aluminum  block  is  filled  with  low  melting 
Cpi'robase  alloy.  The  Gerrobase  alloy  has  a melting  p'yi.nt  of  about  250*F. 
As  Indicated,  a coil  of  5/16  inch  o.d,  copper  tubing  five  feet  long 
is  T-nmerned  in  the  Gerrobase  alloy  as  an  air  preheater.  Two  forms, 
fashioned  from  steel  tubing  to  fit  snugly  aroxmd  a sltuidard  1(X)  ssilli- 
Mter  beaker,  are  also  inmersed  in  the  Gerrobase.  Tne  beakers  used  hi 
the  ' ost  co»ld  •"t  be  inmersed  directly  in  the  Cerroba.se  because  of  the 
proc'em  of  clea.v...;g  solidified  Gerrobase  from  the  beai.e2c  after  the 
tesc . The  beaker  weight  must  be  repeatable  to  aliout  ± 0.2  nlUigrain 
to  assure  adequate  precision  for  the  measurement  of  amall  gum  numbers. 
This  apparatus  has  worked  satisfactorily  in  the  tests  conducted  to  date. 

The  air  Jet  method  of  conducting  the  ASTM  gum  test  has  been 
used  throughout  this  study.  It  is  believed  that  the  air  jet  test  method 
is  somewhat  more  severe  than  the  methol  involving  superheated  steam. 

It  has  been  experimentally  c bermined  that  the  air  jet  method,  gives 
essentially  n«  gum  ntmber  foi  lure  hydrocarbons  up  to  at  least  a 
molecular  size  containing  l6  carbon  atoms.  In  general,  this  molecular 
weight  range  would  Include  the  highest  boiling  conponents  of  JP-4  fuel. 

The  gum  numbez*  test  procedure  consists,  briefly,  of  measuirii^ 
a 50  milliliter  sanqale  of  test  fluid  into  a clean  tared  beaker  of  100 
milliliter  capacity.  The  bea'"***  is  Inserted  in  a 311  ± 9*F.  constant 
temperature  bath.  A jet  of  dried  air  is  blown  over  the  surface  of  the 
liquid  at  a rate  of  1000  ± 150  milliliters  per  second  at  a test  tenq)era- 
ture  of  311  — 9"F.  The  air  flow  is  continued  until  the  sample  in  the 
beaker  reaches  dryness  plus  an  additional  15  minutej  after  dryness  is 
reached.  The  beaker  is  removed  from  the  bath  at  the  end  of  the  evapora- 
tion period  and  aD.lowed  to  cool  for  two  hours,  in  a desslcator.  The 
difference  between  the  final  weight  and  the  tare  weight  is  a measure- 
ment of  the  gum.  The  gum  numbers  used  in  this  discussion  are  all  ex- 
pressed in  terras  of  milligrams  of  gum  per  IOC?  milliliters  of  fuel  sample. 

In  the  test  for  potential  gum,  the  same  gum  detennination 
deLscribed  above  is  applied  to  a sample  of  the  fuel  after  subjection 
to  an  oxidation  test.  The  oxidation  tests  utilized  by  this  Laboratory 
in  this  study- are  modifications  of  the  ASTM  Test  Method  Dj73-49  for 
Oxidation  Stability  of  Aviation  Gasoline  (Potential  Gum  Method).  The 
apparatus  consists  of  a modification  of  the  ^nrex  pipe  oxidation  apparatus 
develop<“d  for  the  PRL  pressure  oxidation  and  thin  film  oxidation  tests. 

The  modified  apparatus  is  shown  on  Figure  37.  The  apparatus 
consists  of  a l6-inch  section  of  Pyr-ex  pipe  (1.5  inch  i.d.)  sealed  off 
at  one  end  and  provided  with  a standard  flanged  fitting  at  the  other. 

The  oxidation  heads  are  constructed  from  stainless  steel  and  are  sealed 
to  the  Pyrex  pipe  with  a stainless  steel  flange  using  a Teflon  gasket. 

The  construction  of  the  oxidation  head  differs  for  a static 
test  and  pumping  test  as  indicated  in  Figure  37 • In  the  fonasr  case. 
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a l/2-iich  stainless  steel  cross  is  fastened  to  the  stainless  steel 
flange  through  a short  nipple  of  1/2-inch  stainle^'s  steel  pipe.  The 
cross  IS  provided  with  2 stainless  steel  needle  valves  and  a pressure 
gage.  For  th‘>  purpiiig  test,  the  oxidation  head  nes  been  enlarged  to 
contain  a water  cooled  condenser  cct^prislng  a i6-inch  length  of  0.5 
inch  d-*aseter  stainless  steel  tubing.  The  1/2-inch  stainless  steel 
pipe  erv'ss  is  noimted  on  top  of  the  condenser.  The  vertical  exit  from 
the  «'ros.^  is  flanged  to  a socket  designed  to  accc=odatc  a solenoid  core 
lor  activating  the  bucket  puap  conventionally  used  in  the  ?RL  thin  film 
oxidation  \est.  The  two  other  exits  are  connected  to  stainless  steel 
neea..e  vi  One  the  anas  contains  a pressure  gage  between  the 

cro^s  ar.'_  * cie  needle  'live.  Pressure  oxidation  tests  are  conducted 
witr  bot'i  test  ^stens.  The  total  volme  of  the  static  systan  is  480 
milliliters  for  the  p^raping  test  apparatus  employing  steel  jack  chain. 
'When  glass  beads  are  tised  in  the  piaping  procedure,  the  volume  is  350 
milliliters . 

The  oxidation  tests  have  been  conducted  at  a temperature  of 
250*r,  and  a pressure  of  50  p.s.i.  gage.  The  50  p.s.i.  gage  is  the 
maxiffisa  reccoaended  working  press,  e for  the  I^rex  pipe.  The  50  p.s.i. 
pressure  is,  therefore,  the  sum  ol  s.he  fltiid  vapor  pressure  and  the 
oxygen  pressure  at  the  test  temperature.  The  250*F.  te&perature  a 
cc^sromise  beeween  che  increasir^  reaction  rate  with  higher  temperature 
and  the  decreasittg  anoujit  of  oxygen  that  can  be  charged. 

These  oxidation  tests  are  all  conducted  with  pxxre  oxj^en. 

In  these  exploratory  oxidation  tests  prjgiaiy  esj^asis  has  been  placed 
on  the  aaount  of  oxygon  used.  The  time  to  obtain  this  degree  of  oxida- 
tion has  been  measured,  but  was  not  tb^  factor  used  to  determine  the  test 
severity.  The  amount  of  oxygen  assimilated  was  measured  as  a pressure 
drop  at  room  temperature  rather  than  at  the  250*?.  te.st  temperature. 

That  is,  the  oxygen  was  charged  to  the  tube,  after  adequate*  flushing 
with  pure  ojygen,  at  room  temperature  and  the  pressure  recorded  at  this 
temperature. 

Following  the  test,  the  apparatus  was  allowed  to  cool  co  roco 
temperature  again  before  the  final  readir.g  was  taken.  This  rules  out 
errors  in  determining  the  amount  of  oxidation  due  to  the  formation  of 
water  or  other  products  which  are  gaseous  at  250*F.  but  liquid  at  70*F. 

In  essentially  all  cases  '^e»*e  sufficient  gas  cre^ssure  remained,  the 
exhaust  gas  was  a^iilyzed  for  c^bon  dioxide  and  o^^gen.  The  tests  con- 
ducted by  the  standard  static  test  procedure  resulted  in  an  c:7gen 
content  of  the  gas  in  the  system  after  the  test  of  90  to  100  per  cent.. 

The  carbon  dioxide  content  for  the  same  samples  nme  from  0 to  2 per 
c<*nt  of  the  exhaust  gas.  These  gas  analyses  after  the  standard  oxidation 
test  are  about  the  same  for  all  of  the  pure  nydrocaihons  and  the  JP-4 
jet  fuel  tested.  Measurement  of  gas  pressure  at  roan  temperatxire 
following  the  oxidation  test  woulJ  be  an  adequate  measxire  of  the  oxygen 
used  during  the  sta-ndard  ctacic  test  without  the  additional  gas  analysis, 
since»there  is  no  indication  of  large  quantifies  of  gas  other  than  oxygen 
in  the  tcol  system. 
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Ip  l.if  Inin  fiisi  ^tanping  procedure,  gz-s  analysis  after  oxidation 
With  JP-Z*  and  the  purs  hydrocarbons  shows  approximately  65  to  90  per 
cent  oxygen  in  the  gas.  The  carbon  df'oxiu'j  content  of  the  gas  folloving 
the  thin  fiLm  pumping  tests  varies  from  5 to  1C  per  cent.  Ko  attempt  has 
been  made  to  identify  the  remaining  gaseous  products  in  the  tests  conducted, 
thus  far.  On  the  basis  of  extiaii.st  gas  analysis,  the  thin  film  punping  test 
aopears  to  produce  more  severe  oxidation  amd  cleavage  of  the  test  fluid. 

i.  dxL stent  Crum  Studies.  Ibe  effect  both  of  hydrscarbon  types 
and  physical  separation  processes  on  existent  and  potential  gun,  or  dirtl- 
n*  in  the  J?-4  referee  fuel  has  been  determined.  The  procedures  used 
to  iii-.as''rr  exi...enL  and  potential  gum  have  already  be»r  outlined.  The 
cxl’.tenl  giffii  determinations  discussed  here  are  concerned  solely  with  gum 
or  residue,  which  at  the  start  of  the  gum  test  is  In  solution  with  the  test 
fluid  (i.e.,  one  homogeneous  iiqviid  phase).  In  other  words,  this  type  of 
gum  cannot  be  removed  by  a sliuple  mechanical  filtration  process. 

The  effect  of  various  physical  separation  processes  on  the  gum 
content  of  topped  JP-4  referee  fuel  is  shown  on  Table  88.  The  gun  value 
of  Jr-4  referee  fuel  and  th  t of  the  topped  JP-4  referee  fuel  are  essen- 
tially identical  (10  mg.  pr  100  ml.  of  fluid).  It  can  be  seen  from  the 
data  on  Table  87  that  all  of  uhe  products  taken  from  the  20  stage  liquid 
extractor  show  a larger  gun  number  than  the  original  JP-4  topped  referee 
fuel  used  as  the  charge  to  the  extractor.  There  Is  a difference  in  the 
physical  appearance  of  the  gum  derived  from  the  raffinate  and  extract 
samples  of  the  topped  JP-4  referee  fuel.  The  gum  or  residue  in  the  gum 
test  from  the  raffinate  products,  in  general,  has  a particulate  appear- 
ance. There  is  some  evidence  .hat  this  material  has  progressively  pre- 
cipitated from  the  raffinate  fraction  during  the  course  of  the  evapora- 
tion to  dryness.  The  gum  from  oine  extract  product  is  more  typical  of 
the  soluble  gun  noted  In  the  oxidation  tests.  This  material  forms  a 
fairly  even  lacquer-like  coating  over  the  bojitom  b'f  the  test  beaker. 

The  feed  to  the  extractor,  after  contact  with  the  ammonia- 
amine  solvent,  shows  the  same  characteristic  increase  in  guu  value  as 
the  products  (raffinate  and  extract)  from  the  extractor.  This  increase 
in  gum  value  could  result  from  the  reaction  of  aimnonia  as  a base  with 
materials  present  in  the  JP-4  to  fom  a salt,  such  as  the  reaction  with 
naphthenic  acids,  phenols,  etc.  Or  it  may  result  from  the  solxition  of 
small  quantities  of  high  molecular  weight  residues  or  dirt  left  in 
portions  of  the  solvent  recovery  ^stem  from  previous  extractions.  A 
sample  of  topped  JP-4  referee  fuel  has  been  shaken  with  an  equal  volume 
of  ammonla-amlne  solvent  in  a glass  pressure  flask  and  the  referee  fuel 
sample  subjected  to  a gum  test  upon  removal  of  the  ammonia-amine  liquid 
layer.  A gun  number  has  also  been  determined  on  a sample  of  JP-4 
topped  referee  fuel  following  a wash  with  an  equal  volume  of  5 weight 
per  cent  aqueous  sodium  hydroxide.  Both  of  these  alkaline  washes  in 
glass  equipment  cause  an  increase  in  the  value  of  the  gum  nunber  as  shown 
on  Table  88.  This  indicates  that  the  chemical  effect  of  the  solvent  on 
the  JP-4  topped  referee  fuel  caused  at  least  a portion  of  the  increased 
gum  noted  in  the  products  from  the  extractor. 
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Figure  37 
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It  is  also  known  that  high  Dolacular  weight  inpurities  fron 
pi^j/ious  extractions  are  present  in  portions  o?  the  liquid  extractor 
apparatus.  Tiie  cfrcCt  o£  these  Inpuraties  or.  the  gun  value,  if  any,  woeld 
be  diffic'olt  to  ueteminc.  The  cxtr^ly  snail  quantities  cf  gia  necessary 
to  caics  a finite  chaiige  in  gisa  value  eaphasizcs  the  need  for  special  care 
in  handli-jg  snail  saaple?,  ana  illustrates  the  relatively  large  effect  of 
ninute  contaninants. 

11.6  gia  msaber  of  one  (unity)  neans  one  nilligran  cf  gva  per 
100  ax.  Oi  d^ple.  The  nflgnit»»4e  of  contanination  necessaxy  to  cause 
an  incrca*''*  cf  oUe  in  *he  gxra  nxsaber  is  about  10  parts  per  «i^lcn  o" 

0.001  weiOit  per  cent,  'n  general,  the  cain  object  in  extracting  the 
topped  JP-4  Jet  fuel  was  the  separation  of  fractions  showing  different 
values  for  potential  gu:^  rather  than  large  differences  in  existent  gua. 

Ihe  potential  gta  values  arc  discussed  in  a subsequent  paragraph. 

It  is  apparent  fron  the  extraction  data  that  the  asaonia- 
anine  solvent  will  not  inprove  existent  gun  values  which  are  already 
in  the  low  range.  Two  other  physif  1 separation  processes  have  been 
apolied  to  the  topped  JP-4  referee  »el  and  other  fractions  freo  this 
fuel  to  detenaine  their  effect  on  existent  go.  Sinple  distillation 
and  fractionation  have  been  applied  as  physical  separation  processes 
for  control  of  existent  gti".  In  all  ^ases  tested,  fractionation  or 
sinple  distiilationj  >diere  sufficient  care  is  taken  to  prevent  entraijr- 
nent,  reaoves  essentiall''  all  existent  gun.  Ihis  effect  is  shown  on 
Table  88  for  sisple  distilled  JP-4  topped  referee  fuel. 

The  effect  of  sinple  distillation  on  existent  gus  is  shown  in 
core  striking  fashion  on  table  92  for  several  hydrocarbons.  Tetralin, 
for  exssple,  shows  ar.  existent  gun  nunoer  oi  1390  after  storage  in  this 
laboratory  for  several  years  in  a screw  cap  glass  bottle.  Si^le  dis- 
tillation of  the  tetralin  reduces  this  value  to  0 for  the  gia  n«abcr. 

Similar  trends  are  shown  for  nethyl  naphthalene,  dicyclohexyl,  and  dianyl 
beni^ene  as  indicated  on  Tablx  92.  Ihcse  data  indicate  that  it  is  probably 
the  high  boiling  polyoer  or  condensation  products  of  oxidation  during 
storage  that  cause  g\xa  rather  than  the  sinple  oxidation  products  theaselves. 

This  is  further  borne  out  by  a study  of  tne  gun  value  of  a 
typical  light  petroleio  naphtha  fraction  (112*  to  260*F.  boiling  range) 
which  has  been  subjected  to  vapor  phase  oxidation  at  elevated  temperatures. 
The  oxidized  naphtha  contained  a total  of  3 to  4 weight  per  cent  ox^en 
following  the  oxidation,  ihe  oxidl'^ed  product  had  an  existent  gia 
number  of  203.  The  product,  after  sinple  distillation,  had  a nxsbcr 
of  2.5«  There  was  essentially  no  change  in  the  oxygen  content  between 
the  original  oxidized  product  and  the  distillation  product.  The  indi- 
cations are  that  the  gun  found  in  all  cf  these  detezninations  represents 
high  aoleculer  weight  products  fumed  by  polycerization  or  condensation, 
rather  than  being  due  to  the  sinple  or  initial  oxidation  products. 

Silica  gel  adsorption,  or  c3Lay  treatment,  r<.presents  another 
physical  separation  proces.»  which  cay  lend  itself  to  red  iction  of  existent 
gun.  Ibis  treataent  would  probably  be  the  oost  prectic^ii  prccecs  to  be 
applied  to  dirty  fuels  in  the  field,  Tbat  is,  filtration  through  clay  or 
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i>lllCo  ^cl  *’equii-tis  tiie  least  cccsplicated  equipceat.  Ihe  silica  gel 
treatments  shown  on  Table  83  are  zald  treatments  of  the  type  that  could 
be  applied  in  the  field,  as  opposed  to  the  rigorous  siiica  gel  treatment 
which  IS  roraaily  used  to  achieve  nearly  quantitative  t^drocarbon  class 
separations  in  the  laboratory.  It  can  be  seen  that  mild  silica  gel 
treatment,  either  batch  or  percolation,  does  result  in  a sizeable  lowering 
of  the  existent  g«  valuo  of  «hc  topped  J?-4  referee  fnel.  The  silica 
gel  studies  will  be  extended  to  include  some  of  the  more  ewaaon  clay  types 
used  in  the  petroieua  industry-  These  studies  will  also  be  extended  to 
ir.cluoe  samples  exhibitirig  considerably  higher  gm  nmbers  than  the  JP-4 
referee  fuel  used  in  this  study. 

2-  ?ct.>!itial  Qua  Studies  with  JP-4  Referee  Fuel.  Studies  of 
potential  gum  fersation  are  of  core  interest  in  the  investigatior  c'f  fuel 
dirtiness  than  the  stiidy  of  existent  gia.  That  is,  the  fo’Tsation  of 
potential  gva  is  being  examined  in  order  to  determine  the  hydrocarbon 
types,  or  impurities,  in  the  fuel  which  contribute  most  to  fuel  dirtiness. 
There  are  several  ways  to  surv^  potential  dirtiness  in  fuels.  These 
Include  a study  of  inhiuitors  and  promoters,  a comparison  of  dirtiness 
after  a standard  oxidation  te«*t,  and  a waiparison  of  dirtiness  at  a given 
degree  of  oagrgen  assimilation 

The  initial  stages  of  this  study  have  been  made  on  the  basis 
of  dirtiness  produced  per  unit  of  o3qrgen  assimilated.  Two  general  test 
procedures,  as  described  previously,  have  been  utilised  In  these  tests. 

The  standard  test  is  conducted  in  lh»  apparatus  shown  on  Figure  3Y. 

Ihe  cr4viror£.ent  is  glass  with  the  exception  of  the  stainless  steel  head. 
The  fluid  vapors  and  oxygen  are  n contact  with  the  stainless  steel 
oxidaUon  head,  but  the  liquid  beiiig  test^ed  is  not  nortaally  in  contact 
with  the  stainless  steel.  The  thin  film  test  is  ccr.ductcd  in  an 
environment  waich  includes  intimate  mixing  of  the  test  fluid  and  oxyger. 
on  a metal  (gerierally  steel  and  stainless  steel)  surface. 

In  ail  cf  the  accelerated  oxidation  tests,  the  gra  cr  dirtiness 
noted  is  divided  into  two  classes:  insoluble  material,  which  at  the 
te*'aiz»tion  of  the  test  is  not  in  solution,  and  soluble  gum  which  cannot 
be  separated  from  the  fluid  by  flltraticn  or  observed  as  a second  separate 
phase  in  the  fluid.  The  ii'.soluble  ::aterial  in  the  thin  film  test  is 
broken  down  into  the  material  adheririg  to  the  steel  Jack  chain  and  the 
insoluble  material  remair.ing  in  the  test  fluid.  In  all  cases,  the  insol- 
uble material  is  washed  from  the  filter  or  best  tube  into  a tared  100  ml. 
beaker  »lth  a volatile  solvent  such  as  acetone  or  low  boilirig  petrole\zi 
naphtha.  The  insoluble  material  plus  the  volatile  solvent  is  then  sub- 
jected to  an  air  Jet  evaporation  test  in  accordance  with  bhe  ASIH  gum 
ceterainal  ion  procedures  ar^  techniques.  Ib  has  been  deteTained  tnat  the 
acetone  and  lun  boiling  petrolcua  naphtha  solvents  have  no  gum  numbers 
as  measured  by  this  procedure. 

3 . Dirtinpss  Tests  with  JP-4  looped  Referee  ?uol.  Pot ential 

gxa  tests  nave  oeen  deterained  by  both  the  standard  axxi  thin  film  pro- 
cedures on  the  JP-4  topped  referee  fuel  and  various  fractions  res\0.ting 
from  the  physical  separation  of  this  fuel  ly  extraction,  distillation, 
a.nd  silica  gel  adsorption.  The  results  of  there  potential  gum  tebls  are 
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sho>m  on  Table  Tiie  first  t^o  tests  shown  on  Table  89  illustrate  the 
erfect>  ci  degree  oi  range  in  oxidative  attacK 

covered  by  the  data  on  Table  89  ranges  froa  about  15:1  to  100:1  in  terns 
of  coles  of  fuel  per  cols  of  o^cygcn.  The  rate  of  oxidation  of  the  topped 
JP-4  referee  fuel  is  not  changed  substantially  over  the  range  of  oxidaticr. 
noted  •in  the  first  two  tests.  The  total  gua  forced  per  unit  of  o:^gen 
absorbet'  is  not  altered  for  the  tests  of  diff-rir.g  severity.  The  priaary 
difforen^'.e  noted  between  the  tvfo  tests  of  differing  severity  is  the  acount 
of  insolubles  forced.  For  a >.5  fold  increase  in  oxygen  assj^^dation,  a 
ItX  fold  increase  in  insolubles  is  noted. 

ita:;dard  oxidation  tests  on  the  products  of  extri_iions  231 
and  235  also  she**!,  ‘^n  Table  89.  These  tests  indicate  that  the 
extraction  process  elixdnatas  cuch  of  the  initial  oxidation  stability 
of  the  JP-4  topped  referee  fuel.  That  is,  the  tice  required  to  achieve 
a given  degree  of  oxidation  is  cuch  lower  for  all  three  extractor  saraples 
than  for  the  topped  J^it  fuel.  This  saxe  effect  has  been  noted  with 
JP-4  topped  Jet  fuel  i^hat  has  been  nixed  with  the  asconia-aaine  solvent 
and  separated  oy  evaporating  off  the  axsonia-anine  solvent.  Thus,  It 
would  appear  that  nixing  the  top*  d Jr-4  referee  fuel  with  the  asnoaia- 
anine  solvent  reduces  substantial^  the  effectiveness  of  the  oxidation 
inhibitor  (natural  or  synthetic)  present  in  the  origix^l  fuel.  The 
extract  frea  run  231  shows  a slightly  higher  ratio  of  total  gsc  to 
c:qrgen  assiiailated  than  the  two  raffinate  fractions.  Of  the  total  g« 
foi^d,  however,  the  two  raffinate  fractions  produce  a larger  portion  of 
insolubles  than  does  the  extract.  This  has  been  a general  trend  with 
oP*4  extraction  products.  These  studies  will  be  pursued  fuituar  to  deter- 
nine  whether  it  is  tne  poorer  solvency  of  the  raffinate  fractions,  or  a 
basic  difference  in  type  of  oxidi?^  product  forssed,  that  causes  this 
difference  in  the  foxtiation  of  insoluolss. 

The  next  series  of  tests  shown  on  Table  89  attes^t  to  show 
what,  if  any,  are  the  effects  of  colecular  weight  on  the  sludge  forcLing 
tendencies  of  the  raffinate  and  extract  fractions.  The  overall  proper- 
ties cf  excracc  and  raffinate  fractions  froa  extractions  236  and  237 
are  shown  cn  Table  87.  Approximately  orte  liter  portions  of  each  of 
the  four  products  were  sisple  distilled  to  yield  the  fractions  indicated 
on  Table  39.  Following  removal  of  the  product  fna  the  extractor,  all 
of  these  products  were  inhibited  with  20  parts  per  nillion  of  U.O.P. 
Inhibitor  Jio.  5,  except  a one  gallon  portion  of  the  raffinate  free 
extraction  237.  The  charge  for  th-^  sisple  distillation  of  the  raffinate 
frcQ  run  237  was  taken  froa  the  gallon  cf  uninhibited  saterial.  U.O.P. 
Inhibitor  Ho.  3 is  a volatile  inhibitor  and,  therefore,  would  be  carried 
along  with  the  distilled  product,  ^jis  is  indicated  by  the  tiae  required 
to  achieve  the  desired  degree  of  oxidation  with  scae  of  the  fractions 
froQ  these  sinple  distillations. 

Little  significance  car  be  attached  to  the  relative  rates  of 
cxidaticn  noted  ir.  the  various  fractions  of  the  products  froa  runs  236 
and  237  because  of  the  lack  of  specific  infozaatlon  on  the  inhibitor 
distribution  in  the  distilled  fracticnc.  Sene  general  trends  have  been 
noted  froa  the  dirtiness  studies  of  these  fractions.  In  leras  of  total 
gvn,  the  raffinate  appears  to  be  cleaner  tha~  the  extract,  <ind  the  low 
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bciiing  catOi-aais  of  all  of  the  produces  eend  to  be  cleaner  than  the 
higher  boiling  material  of  the  stae  products.  The  ratio  of  insoluble 
aatcrials  to  total  gua  is  higher  frr  the  raffinates  than  the  extraevs. 

Tnis  trend  of  increased  dirtiness  is  more  jTi/nounced  in  the  higher 
boilirg  fractions  of  the  rcrri:.abes.  Tnere  is  sonic  evidence  to  indi- 
cate that  the  a^sount  of  dirtiness  is  priwarix^  dependent  on  the  aisount 
of  oxygen  assiailated.  ana  practically  inlependent  of  the  rate  of  cacida- 
tioj  or  the  presence  or  absence  of  U.O.?.  Iidubitor  Ho.  5 in  the  standard 
oxidt’tion  tests, 

A scries  of  siE5)le  vacuua  distillations  nave  been  run  on  about 
1C  porti'"'R  of  the  raftinate  and  extract  fr-.tt-^..s  of  extric^'cr 

rvr~,  236  and  237.  These  distillations  were  conducted  to  reaove  the 
existent  giQ  and  any  insolubles  present  in  the  extractor  products.  The 
entire  product  fron  cboi'ut  y to  95  volisae  per  cent  distilled  was  blerded 
as  a single  fraction  for  subsequent  oxidation  studies.  2n  addition  to 
these  products,  the  raffinate  frea  extractor  run  237  has  been  vacuua 
fractionated  in  sinilar  fashion  to  yield  about  3 fractions  between  5 
and  95  voiteae  per  cent  distilled.  These  seven  products  have  been  dis- 
cussed previously  in  this  se  ,ion  and  are  shown  on  Figure  32.  All 
of  these  fractions,  foHowiiv^  he  distillation,  have  been  inhibited 
niih  20  parts  per  aillion  concentration  of  U.O.P.  No.  5 gasoline  inhibitor. 
These  inhibited  fractions  have  been  evaluated  in  the  oxidation  teat  as 
shewn  on  Table  «9«  Tnese  tests  are  essentially  a check  on  the  tests 
conducted  with  the  prelieinary  fractions  discussed  above.  Tt  is 
interesting  to  note  that  there  are  still  large  differences  in  the  rate 
of  oxidation  of  these  fraction*  in  the  p.'esence  of  20  p.p.m.  of  u.O.?. 
Inhibitor  ho.  I&e  results  71  the^e  xluu 

the  corresponding  fractions  frc«a  the  ssiall  scale  prclisdnary  distilla- 
tions. 


It  is  interesting  to  note  that  the  extract  is  sore  stable  than 
the  corresponding  raffinate  and  that  the  products  froc  r»m  236  are  aore 
stable  than  the  corresponding  products  freo  run  237*  This  is  the 
expected  trend  since  successive  solvent  treatnent  would  be  expected 
to  reaove  preferentially  the  core  polar  cccipo'j:;dc  which  in  turn  are 
generally  associated  sore  closely  with  the  class  of  cospounds  that  act 
as  inhibitors.  Tne  total  accunt  of  gua  fomed  per  unit  of  osQrgen 
absorbed  increases  with  decreasing  rate  of  oxidation.  That  is,  the 
core  polar  fractions  fora  aore  total  gua  than  the  less  polar  raffinates. 
The  fractions  of  the  raffinate  fiwa  extractor  run  237  show  an  increasing 
rate  of  gm  foxcation  witn  aecreasing  oxidation  rate  as  the  nolecular 
weight  or  boilix^  range  of  the  fraction  increases.  Tiie  stability  or 
very  slow  rate  of  oxidation  of  fraccicn  3 froa  raffinate  237  stands  out 
by  ecssparisen  with  the  overall  raffinate  froa  ran  237  and  the  general 
stability  trend  discussed  abow.  This  phenccenon  of  total  gxa  foiaatlon 
and  oxidation  rate  would  be  expected  froa  analogy  with  extraction  ex- 
perience in  the  lube  oil  field.  The  itca  of  dirtiness  or  insoluble  g\a, 
howeysr,  does  not  follow  the  trends  of  total  gua  and  oxidation  stability 
in  the  saae  rarcier.  In  general,  the  relative  portion  of  the  total  gua 
that  is  insoluble  gua  increases  With  decreasirg  total  gica  formation. 
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One  of  the  accepted  fixes  for  reducing  filter  and  nozzle 
pluming  in  dcaestic  oil  burner  systess  is  the  use  of  a dispersant  or 
detergent  in  the  fuel  oil.  This  sane  approacn  has  been  discussed  by 
Shell,  Du  Pont  and  others  for  jet  fuels.  Ivo  typical  dispersants  have 
been  added  to  topped  «?-4  referee  fdel  and  the  resultant  blerid  evaluated 
in  the  thin  fiis  fuel  oxidation  test.  Thccc  data  are  shovm  on  Taole  89- 
Du  Pont  Additive  No.  2 is  believed  to  be  3 ?oly=eric  aaterial  of  the  type 
described  Iv  Bicxell,  C.  B.,  Cathin,  W.  E.,  Foming,  J.  F.,  and 
Rollins,  G.  B.,  in  Choaical  and  Sr^fneering  News,  page  1447,  voi.  32, 

Ko.  15  {l''*54).  The  synthetic  barlm  siM.fonaie  auditive  has  been  obtaiued 
free  thi  /jr-g  Organi''  Chenicals  Ooapany.  The  use  of  these  dispersants 
resiilbS  an  inert;*'*'  in  total  and  insoluble  gxra  fonaati^.i.  Tnesc  is  no 
good  D'l-nod  for  deter.  Ining  the  beneficial  effects  of  a dispersant  using 
uits  uutCu  oxidation  procedures  described  here.  Thus,  these  dispersants 
will  require  tes^.ng  in  a fluid  circ'ulating  test  through  a filter  to 
deteraine  any  beneficial  affects. 

A sasple  of  topped  JP-4  referee  fuel  has  been  given  a severe 
silica  gel  treatcent  to  reaove  essentially  all  of  the  arcoatics,  olefins, 
and  sulfur  coapounds.  The  prodr  . rcaoved  frea  the  silica  gel  tewer 
represents  the  first  50  per  cent  the  fuel  to  be  p'ush-d  through  the  gel, 
Tne  silica  gel  to  fluid  ratio  -weight  In  this  separation  is  10:1. 

Tne  results  of  a standard  oxidation  test  with  this  sample  are  an  Table  89. 
The  total  gua  foroation  is  substantially  reduced  froa  that  of  the  original 
topped  dP-4  referee  fuel  in  a ccaparable  Lest.  The  aocunt  of  the  total 
gun  cade  up  by  insolubles  is  again,  as  in  the  case  of  the  raffinate 
fractions,  relatively  high, 

A series  of  thin  file  puaping  type  oxidation  tests  have  been 
conducted  with  the  topped  JP-4  referee  fuel.  Tnis  punping  test  has  been 
run  under  nild  and  severe  conditions  using  three  different  proceoures. 

In  one  case,  the  p'.=p  discharge  is  allowed  to  fall  through  the  vapor 
space  back  into  the  reservoir.  In  another,  the  p'«£zp  discharge  flows 
over  a 15(X)  sq.  ca.  surface  area  of  3 ca.  diaceter  glass  beads.  In  a 
third  case,  the  pinp  discharge  flows  over  a 2000  sq.  ca.  area  of  Ko.  20 
steel  jack  chain,  ar4  in  a fourth  case,  the  puap  discharge  flc'^s  over  a 
;^C0  sq.  ca.  area  of  copper  jack  chair*. 

under  the  aild  conditions,  these  tests  show  that  the  large 
fiajority  of  total  gua  is  soluble  gas.  These  s«ae  trends  were  apparent 
in  the  laild  tests  conducted  by  the  standard  procedure  with  the  toiled 
JP-4  referee  fuel.  The  aacunt  of  total  g*%B  per  'jjnit  oxygen  absorbed, 
and  the  ratio  of  insoluble  oaterial  to  soluble  gixs,  are  essentially  the 
S3ce  for  severe  tests  conducted  in  accordance  with  the  standard  and 
thin  fils  tests.  The  cost  striking  difference  between  the  standard  and 
thin  fils  tests  with  topped  J?-4  referee  fuel  is  the  tine  necessaiy  to 
reach  a given  degree  of  oxidation.  The  p'.aping  tests  arc  sore  severe  than 
the  standard  test.  Of  the  pvzaping  tests,  the  one  containing  the  copper 
jack  chain  is  by  far  the  sost  severe  in  teras  of  oxidation  rate.  Bo^h 
coK>er  and  steel  jack  chain  cause  a significant  increase  in  oxidation 
rate  over  sisilar  tests  without  the  cetal  catalyst. 
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Thin  filn  tests,  in  tlx  presence  of  steel  jack  chain,  are 
shovn  for  the  feed,  extract,  and  raffiriate  frees  extraction  231.  These 
tests  show  the  sane  general  trends  as  the  standard  Tnere  is  no 

large  change  i:.  the  ano-nt  of  trt*i  gum  formed  per  unit  of  axvsQr.  absorbed 
in  these  thin  fila  tests  as  coapared  vc.th  standard  tests  on  the  sane  stocks. 
The  percentage  of  the  total  gun  that  is  measured  as  insolubles  is  larger 
foi  the  raffinaLe  thin  for  the  extract  in  the  thin  fila  test. 

Thin  fiia  costs  using  copper  jack  chain  and  no  metal  catalyst 
. with  \opped  JP-i*  referee  fuel  are  shown  on  Table  89.  The  test  con- 

* without  a large  catalyst  area  shows  a sharp  drop  in  rate  of 

• OTidaticn.  itio  f.ocal  gun  and  insoluble  gia  Yclues  re*®>n  about,  the 
ssne,  on  the  basis  of  the  total  osygen  absor'oed,  as  for  the  thin  fila 

I * test  containing  the  steel  jack  chain.  The  presence  of  copper  jack  chain 

i.  in  the  t.hin  fila  test  with  topped  JP-4  effects  a large  rate  increase  in 

the  oxidation.  Very  little  insoluble  gua  was  noted  in  this  test  in 
I'  contrast  to  that  n. really  encountered  in  the  thin  fila  tests  contairang 

\ ! steel  jack  chain. 


I 

i: 
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L.  Dirtiness  Char^  "teristics  of  High  Paraffin  JP»4  Fuel. 

A 5-gallon  sample  of  a highl;  naraffinic  JP-4  jet  fuel  has  been  obtained 
frea  the  Wiillips  Petroleiui  Coapany.  This  aaterial  has  been  evaluated  with 
and  without  anti- oxidant  in  the  standard  and  thin  fila  test  procedures 
as  shown  on  Table  90.  xhe  antl-oxidant  used  is  1(X>  p.p.s.  Faranox  44X> 

This  high  paraffin  JP-4  snows  a very  low  rate  of  total  gua  foRsation  in 
the  standard  test.  It  should  be  noted  that  despite  the  low  value  for 
total  gua,  approximately  one  third  of  this  total  gua  is  insoluble  gua. 

The  thin  fila  tests  with  the  h-^h  paraffin  JP-4  give  a high  value  of 
total  gua  and  ir.soluble  gua.  It  should  be  noted  that  the  JP-4  referee 
fuel  gives  essentially  the  sase  vest  results  in  ihe  thin  fila  arid 
standard  tests  in  terns  of  total  gia  per  u.nit  of  ojygen  absorbed. 

Paraffinic  hydrocarbons  give  a sharp  rise  in  total  gua  and  insoluble 
gxta  for  t.he  tnin  fila  test  ccopared  with  the  standard  test.  The  high 
paraffin  JP-4  shovo  a close  resemblance  to  pure  paraffinic  hydrocarbons 
in  the  behavior  toward  the  thin  fila  and  standard  oxidation  tests.  The 
use  of  100  p.p.a.  of  Paranox  441  has  no  appreciable  effect  on  the  stable 
life  of  the  hi^  paraffin  JP-4  under  either  the  standard  cr  thin  fila 
COTditions  at  250*F.  The  apparent  discrepancy  in  oxidation  tine  in  the 
thin  fila  test  results  frocs  the  foraation  of  gaseous  products  during  the 
oxidation.  That  is,  during  the  thin  fila  test  the  pressure  fell  free:  50 
to  23  p.s.i.  in  4.2  hours  but  did  not  fall  appreciably  below  23  p.s.i. 
for  172  hoiurs  total  test  tise.  The  residual  gas  has  been  ar.alysed  ai^ 
found  to  contain  no  oxygen.  Thus  the  subsequent  thin  fila  oxidation  test 
was  tenainated  after  4.2  hours. 

5-  Dirtiness  Studies  with  CScygcnatod  Haterials.  It  has  been 
noted  in  the  studj’  of  jet  fuel  dirtiness  that  the  aaLerials  snowing  the 
highest  portion  of  insoluble  g»sa  generally  exhibit  the  poorest  solvency 
characteristics.  It  has  further  oeen  indicated  that  the  insoluble  gun 
is  an  oxidation  product  and  as  such  should  contain  oxygenated  groups. 

A preliainary  study  has  been  conducted  on  the  gua  foiaing  tendencies 
of  various  oxygenated  materials.  The  results  of  these  gua  tests  are 
shown  on  Table  91.  The  oxygenated  aaterialc  tested  include  n-he:<yl  <»ther, 
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octanone-2,  capryi  alcohol,  it-decanol,  and  isoaoyl  acetate.  These  itaterials 
have  been  evaluated  in  tne  standard  test.  None  of  the  oxygenated  caterials 
produced  insoiuoie  g\c  under  these  test  conditions.  The  isoaigyl  acetate 
5nu»&>  aii  cjtl.ci-eiy  slow  rate  cf  oxidation  3n  this  test.  Tne  decanoX  gives 
about  tre  saae  quantity  ol  s'^luble  gua  per  iinit  of  03grgen  absorbed  as  the 
total  gui  produced  by  th’  referee  fuel.  Tne  other  oxygenated  isaterials 
evaluated  give  veiy  lew  gtia  values  per  unit  of  oxygen  absorbed. 

6.  Effect  of  Oxygenated  Cegmounds  on  Dirtiness  Characteiv 
isticc.  The  lack  w’  ^.-soluble  g»*r  f..mation  in  the  aliph"t*c  oxygenated 
caterial.i  .vaiuated  cr..^czx,s  good  solvency  for  oxidation  products.  Blends 
of  various  oxygenated  cccpoiinds  and  extractor  run  237  raffinate  fraction 
were  preparea  and  evaluated  in  the  staixiard  oxidation  test.  Haffinate 
<37  froQ  o?-U  referee  fuel  has  been  discussed  pre\dously.  This  fraction 
represents  a concentration  of  the  acre  paraffinic  fractions  with  the 
reaoval  of  tne  nore  polar  coapounds  (arcsatics,  (scygenitcd  naterials, 
suifur-containins  coapounds,  etc.J  by  two  successive  liquid  extractions 
with  liquid  amonia-cethylaaine . gia  fonaaticn  for  raffinate  25? 
fraction  is  shown  on  Table  91  as  '^asis  of  ccoparison  for  the  blends 
with  oxygenated  aaterials.  It  can  o«  seen  that  raffinate  237  fraction 
produces  a very  high  insoluble  gua  value  coapared  with  the  total  g'.ss 
value.  Standard  oxidation  test  results  for  blends  of  oxygenated 
naterials  in  raffinate  237  fraction  are  s'nown  in  Table  91.  Blends 
of  raffinate  237  fraction  with  25  weight  per  cent  deca.*»l  or  isoaayl 
acetate  give  no  insoluble  gua  in  the  standard  ticidatlon  test.  A raffl* 
r.ate  237  fraction  blend  containing  .*  weight  per  cent  2-o(*tar.one  gives  a 
relatively  ssall  aaount  of  insoluble  gua  in  the  standard  test  as  ccepared 
^0  the  raffinate  237  fraction  alone. 

In  all  cases  where  the  oxygenated  saterial  is  present  in  xne 
blend,  the  rate  of  oxidation  is  considerably  higher  and/or  the  induc- 
tion period  is  nuch  shorter  than  for  either  the  raffinate  237  fraction 
or  the  various  ojgrgenatcd  caterials  alone.  The  a=o\uit  of  sludge  forc&u 
per  unit  oxygen  absorbed  appears  to  be  influenced  by  the  presence  cf 
the  oxygenated  natenal,  Decanol  and  raffinate  237  fraction  j .duce 
about  the  sane  quantity  of  gxa  per  unit  of  oxygen  absorbed  when  tested 
separately  or  in  blends.  The  2-octanonc  and  isoasyl  acetate  fom  very 
little  giaa  per  unit  of  oxygen  absorbed.  Blends  of  raffinate  <37 
fraction  with  2-octanone  and  isoasyl  acetate  produce  less  total  gun  than 
does  the  raffinate  237  fraction  alone.  This  aay  be  indicative  of  oxida- 
tion of  the  oxygenated  caterial  in  the  blend  even  though  little  or  no 
oxidation  of  the  oxygenated  satcrial  alone  rivaid  have  taxen  place  under 
sisilar  test  conditions. 

Previous  data  have  snown  that  JP-Z»  referee  fuel  and  a high 
paraffin  JP-4  show  veiy  little  inhibitor  effect  with  Paranox  441  or 
U.O.P.  Inhibitor  No.  5 in  the  250*b.  test  procedures  used  in  this  study. 

This  inhibitor  study  has  been  extended  to  include  the  blend  of  25  weight 
per  cc.it  isoatayl  acetate  in  raffinate  237  fraction.  Concentrations  of 
inhibitor  of  2C  and  ICO  p.p.s.  have  been  used.  The  results  are  shown 
in  Tabls,  91.  Tiiere  is  essentially  no  additional  benefit  froo  ICO  p.p.s. 
of  inhibitor  over  the  initial  20  p.p.s  concentration.  Tne  presence  of 
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20  p.p.m.  raranox  extends  the  torje  reqidred  to  absorb  a given  aiaouiit 

of  oxj'gen  ity  a factor  of  2,  vdiile  an  c^.^ccnt^ation  of  'J.O.P. 

ir-hibitor  5 extends  the  ti:ae  by  a factor  ot  3 The  inhibited  biend 
still  oxidizes  in  a fraction  of  the  tiae  required  for  either  coaponent. 

Tn<»  addition  of  irdu.bitc,rs  to  the  blend  results  in  all  cases  in  the  for- 
!sa\ion  of  a saall  quantity  of  insoluble  gia. 

The  gua  tests  fwr  blends  of  isoaayl  acetate  ai^d  raffinate  237 
fraction  discusscc  thus  far  are  for  blends  conta?rar.g  25  weight  per  cent 
iso'*">l  acetate.  Additional  tests  have  been  conducted  in  wiiich  the 
confud  ration  of  laoaayl  acctatc  has  been  reduced  tc  aM  15  weight 
per  rant.  The  i:»c»^sental  reduction  in  isoaoyl  acetate  concentration 
causes  a red’«rtion  in  cxidatlor.  rate,  an  increase  in  the  anount  of  total 
gtta  per  unit  of  <aq^en  absorbed,  and  an  increase  in  the  amount  of  insoluble 
gun  formed.  In  tenns  of  insoluble  gxa  fonnation  the  beneficiiJ.  effects 
of  15  weight  per  cent  isoanyl  acetate  are  still  apparent. 

7.  Potential  Gto  Stuxiies  with  Pure  Hydrocarbons.  A m&nber  of 
pure  hydrocarbons,  representing  the  vanoos  classes  of  hydrocarbons,  have 
been  evaluated  in  the  stands  and  thin  film  oxidation  procedures  for  gua 
and  dirtiness.  It  was  indicated  in  the  section  on  existent  gua  that  the 
pure  hydrocarbor  i in  this  aolecular  weight  range  have  no  existent  gua. 

existent  gvss  measured  can  be  attributed  to  oxidative  deterioration 
accccpanied  by  pciywerizatioa  or  coruiensation  reactions  occurring  durir^ 
storage.  This  gxa  can  be  reaoved  freo  the  hydrocarbon  by  a sijsple  dis- 
tillation. The  hydrocarbons  sti2dled  are  within  the  boiling  range  of  JP-4 
referee  fuel.  The  hydrocarbon  lasses  included  in  this  study  are  paraffins, 
olefins,  arooatlcs,  condensed  ring  aroaatics,  and  condensed  ring  c<»pounds 
containing  both  aromatic  and  naphthenic  rings. 

These  studies  with  the  pure  hydrocarbons  show  scoe  interesting 
trends.  In  the  standard  oxidation  test,  no  insoluble  material  was  formed 
durir.g  the  test  with  any  of  the  pure  hydrocarbons,  with  the  exception 
of  one  hydiundene  test,  in  this  case,  however,  the  hydrindene,  as 
indicated,  had  a very  high  gvQ  noaber  from  storage  deterioratioi:  Ztid, 
in  addition,  contained  a substantial  quantity  of  impurity  ir4  the  form 
of  a nitrogen-containing  compound.  TTds  nitrogen-containing  imparity 
and  the  oxidation  products  were  removed  by  silica  gel  adsorption.  The 
purified  sample  of  hydrindene  no  longer  shows  the  trace  of  insoluble 
material  after  the  standard  oxidation  test. 

The  quantity  of  soluble  gum  formed  in  the  standard  oxidation 
test  is  vexy  much  smaller  for  a given  amount  of  co^gen  asslxaiXated  wii.h 
the  examples  of  pure  hydro airbcns  representing  pax^fins,  olefins, 
naphthenes,  arccaatics,  and  cenaensed  ring  arcoatics  tnen  with  the  topped 
JP-4  referee  fuel.  Tne  only  pure  hydrocarbons  which  appzx>ach  or  exceed 
the  JP-4  referee  fuel  in  gia  foxnation  in  the  standard  test  are  the  con- 
densed ring  cocnpoimds  containing  a naphthenic  and  aromatic  ring  in  the 
same  molecule.  These  materials  are  tetralin  and  hydrirdene.  The 
structures  indicating  the  arcmatlc  and  napt'.thenic  rings  ax*e  shown  in 
the  foilowir.g  illustration. 
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The  tines  listed  for  the  various  oxidation  tests  are  indicative 
of  the  relative  oxidation  stabilities  of  the  hydrocarbon  types.  The 
rate  of  oxidation  of  nethyl  naphthalene  is  very  slow.  Ihus,  oxidation 
tests  with  nethyl  naphthalene  have  not  been  carried  tc  the  sace  degree 
of  oxidation  as  with  the  other  hydrocarbons. 

It  is  apparent  that  the  ^.andard  oxidation  tests  with  the 
individual  pure  l^rocarbons  sho>a>  • n Table  92  do  not  predict  the 
dirtiness  or  gum  foming  tendencies  vf  the  JP-t  referee  fuel. 

The  J?-4  referee  fuel  contains  scce  non-hydrocarbon  ii^urities 
suen  as  suli^ir-containing  coeapounds.  Table  87  indicates  that  the  over- 
all concentration  of  sulfur  in  the  JP-4  referee  fuel  is  0.29  weight  per 
cent,  tiitrogen  inpurlties  and  others  are  also  potentially  present  in 
hydrocarbon  fractions  in  the  JP-h  rt  rec  fuel  range. 

A fidxture  of  pure  hydrocarbons  has  been  prepared  to  contain 
aboiit  the  sane  ov«r<ill  percefilctge  of  pure  hydrocarbons  as  are  represented 
by  the  three  or  four  hydrocarbon  classes  in  the  JP-4  fuel.  These  blends 
art-  shown  on  Tabic  92,  The  priaary  difference  between  blends  I and 
II  is  the  replaccaent  of  10  weight  per  cent  of  the  diethyl  bentene  of 
blend  I with  10  weight  per  cent  tetralin  in  blend  H.  Both  synthetic 
hydrocarbon  olends  chow  the  fomation  of  a saall  aaount  of  insolubles 
in  the  standard  oxidation  test.  Blend  II,  as  sight  be  predicted  Iron  the 
presence  of  the  10  weight  per  cent  of  tctralLin,  shows  an  increase  in 
the  fonaation  of  insolubles  and  total  giQ  over  blend  I.  The  total 
dirtiness  of  the  synthetic  blends  1 and  II  :.s  only  a ss^l  fraction  of 
that  encountered  with  topped  JP-4  referee  fuel  and  the  best  fractions 
separated  frwa  J?-i*  referee  fuel  by  distillation,  extraction,  and  silica 
gel  treataent. 

Ont  weight  per  cent  of  various  non-hydrocarbcns  representing 
tyjtes  encountered  in  petroleis  have  been  added  to  synthetic  blend  I. 

These  exspounds  include  dibenzyl  disulfide,  nethylbutyl  sulfide,  thio- 
phene, and  aethyl  quinoline.  In  general,  the  sulfides,  thiophenes,  and 
nitrogen  coapounds  found  as  iepurities  in  petrol€\s5  are  laore  cxsaplicated 
in  structure  than  those  used  in  this  study.  The  EOthyl  quinoline  does 
not  change  the  ginning  tendencies'  noted  with  blend  I,  Ihe  thiophene 
causes  only  a slight  increase  in  dirtiness  in  blend  I.  The  use  of 
ditenzyl  disulfide  causes  a large  increase  ii  insolubles  and  total  gua 
in  blend  1.  The  blend  containing  dibenzyl  disulfide  causes  norc  total 
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/■urn  in  be  formed  per  unit  oxygen  absorbed  thai.  the  topped  JP-4  referee 
fuoi  ir.  a uirailar  oxidation  test.  The  dibenzyl  disulfide  acts  as  a 
fairly  effective  oxidation  inhiniT^or  for  blend  I.  Blend  1 containing 
wJiO  weaght  per  cent  mcthylbutyl  sulfide  shows  the  same  general  trends 
as  the  blend  containing  dtbenzyl  disulfide.  The  methylbutyl  sulfide 
Las  a marked  i>ihibLLor  effect  on  the  oxidation  causing  a much  lower 
oxxoation  rate  than  v.itn  blend  I alone.  The  Increased  resistance  to 
oxidation  of  blerd  I of  pure  hydrocarbons  in  the  presence  of  an  alkyl 
siilfide  was  accompanied  by  an  increas**  in  insoluble  gum  formation  on 
ox:  cat  ion  to  ■•'•e  same  amount  of  oxygen  assimilated.  An  additional  test 
ii.»o  been  r.’.n  o..  biend  I containing  1.0  weight  per  cent  fflethyji.butyl  sul- 
fide. This  seco.id  test  has  been  run  for  the  same  time  as  the  test  on 
blend  I alone . Under  these  conditions,  it  can  be  seen  that  blend  I 
containing  l.C  weight  per  cent  methylbutyl  siilfide  absorbs  only  about 
10  per  cent  of  the  oxygen  and  fonns  35  per  cent  of  the  gum  foraed  by 
blend  I alone.  Both  4.3  hour  tests  form  only  soluble  gum.  In  other 
words,  the  presence  of  the  motlylbutyl  sulfide  appears  to  be  ad'rantageous 
on  the  basis  of  these  comparisons. 

Some  thin  film  tea^s  have  been  conducted  with  pure  hydrocarbons. 
The  hydrocarbons  evaluated  in  the  Lhin  film  test  include  n-decane, 

3.4- dimethyl  hexane,  2,2,4-trimethyl  pentane,  dlai^ylene,  tetralin,  and 
methyl  naphthalene.  The  thin  film  test,  in  all  cases  except  tetralin, 
results  in  an  increase,  over  the  standard  test,  in  the  total  gun  per 
unit  of  oxygen  assimilated.  This  increment,  in  these  cases,  is  signifi- 
cantly greater  than  any  siml"  r effect  noted  with  the  JP-4  referee  fuel. 
A].l  of  the  paraffins  show  an  appreciable  quantity  of  insolubles  in  the 
thin  film  test.  The  amounts  o^  insolubles  found  in  the  decane  test, 
for  example,  approach  those  found  in  a similar  test  with  topped  JF-4 
referee  fuel. 

The  two  branched  chain  paraffins  containing  8 carbon  atoms 
(2,2,4-trimethyl  pentane  and  3,4-dlmethylhexane)  show  the  same  trend 
in  the  thin  film  test  as  n-decane.  It  is  interesting  to  note  that 

2.2.4- trimethyl  pentane  (isooctane)  is  a more  stable  configuration  to 
oxidation  in  these  tests  than  the  other  straight  and  branched  chain 
paraffins  tested.  The  3,4-dimethyl  hexane  and  2, 4> 8-trimethyl  nonane 
were  chosen  for  study  because  of  their  teraiency  to  fora  insoluble  • 
peroxides  on  storage  in  cork  stoppered  or  screw  cap  glass  bottles. 

These  materials  do  not  appear  to  be  appreciably  different  from  the 
other  paraffins  evaluated  In  the  standard  and  thin  film  tests. 

The  thin  film  test  with  diamylenes  does  not  produce  insolubles. 
Thus,  it  would  appear  that  the  presence  of  a double  bond  insults  in 
significant  behavior  differences  in  the  formation  of  gum  and  insolubles 
in  this  type  of  oxidation  test.  It  may  bsj  that,  in  these  relatively 
nild  oxidation  tests,  the  oxygen  attack  on  the  olefin  is  concentrated 
at  the  double  bond,  while  in  the  case  of  decane  the  initial  products  of 
oxidation  are  more  vulnerable  to  further  attack  than  the  decane,  resulting 
in  more  complex  oxidation  products.  That  .is,  In  the  case  of  decane, 
additional  oxygen  attacks  oxy-compounds,  vdiile  with  the  olefin,  the 
additional  oxygen  goes  to  the  olefin. 
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...  n-Decane  ha;i  been  evaluateo  in  various  inodifications  of  the 

t-hln  lilm  test  procedure  to  determine  the  effect  on  insoluble  rum  for- 
mation. ihe  steel  jack  diain  was  removed  and  copper  Jack  chain  sub- 
stituted in  a thin  fiijn  test.  In  jE'oneral,  the  copper  results  in  a 
opeoding  up  of  the  oxidation  process  with  an  overall  reduction  in  both 
ir.Golvble  aixl  soluble  gum  as  compared  with  the  steel  Jack  chain.  In  a 
tlixrd  \ hin  film  teat  with  ja-decana,  glass  beads  were  substituted  for  the 
Kotal  Jack  chain.  The  oxidation  rate  in  this  teob  was  slower  than  for 
the  test.'.  cur.tairJLng  metals  and  much  less  total  gum  was  formed  with 
essentially  no  insoluble  gim  formation.  A standard  tost  was  modified 
to  nont.  wi  the  Ramw  amount  of  steel  Jack  chain  as  the  thin  film  test. 

The  ate  1 jack  chal--  in  this  case  was  placed  ir.  the  oil  ca:'.  there  was  no 
pumping.  This  modii'l.  >1.  sta:idard  test  gave  essentially  the  same  amount  of 
insoluble  and  soluble  gum  as  the  thin  film  test  containing  the  steel 
Jack  cluiln.  On  the  basis  of  this  study  it  has  been  concluded  that.  In 
the  case  of  the  pure  hydrocarbon,  the  effect  of  the  metal  catalyst  was 
the  predominant  cause  of  variation  in  total  gum  fomation  and  oxidation 
rate.  The  effect  of  pumping  per  se  in  the  thin  film  test  is  a secondary 
effect . 

E.  DESIGN  AND  COiSTRL.  TOy  QP  THE  HIGH  TaiPERATIIRg  nTRTmgRR 
TEST  UNIT.  A schematic  flow  diagram  of  the  high  tes^rature  dirtiness 
test  unit  is  shown  on  Figure  3®.  The  unit  consists  essentially  of  a 
pump,  a fluidized  bed  heat  exchanged,  a filter  holder,  a presstire  load- 
ing device  and  a reservoir.  The  piping  between  parts  of  theTunit  is 
primarily  3/16  inch  stainless  steel  tt£ing.  The  total  liquid  holdtq> 
of  the  system  is  150  milliliters.  The  unit  is  designed  for  both 
recycling  and  one  pass  tests. 

A Zenith  metering  punp,  size  IB,  driven  by  a Vickers  variable 
speed  hydraulic  tranamission  is  used  to  circiilate  and  to  bring  the  fluid 
up  to  astern  pressure.  This  pump  delivers  0.584  milliliter  per  z^volxition 
when  the  pressure  load  is  0 p.s.l.  When  punping  against  a preeinire  of 
250  p.s.l. g.  fim  0 p.s.l.g.  using  the  JP-4  referee  fuel  at  room  ten^ra- 
ture  as  the  test  fluid,  the  pump  delivers  about  0.35  milliliter  per 
revolution.  The  slip  of  this  pxmjp  will  vary  with  the  viscosity  of  the 
fl\ild  and  the  pressure  load. 

The  heat  exchanger  \ised  to  bring  the  test  fluid  up  to  test 
teng)erature  utilizes  a bed  of  fluidized  solids.  The  test  fluid  is 
punped  through  six  feet  of  3/16  inch  i.d.  stainless  steel  tubing  wound 
in  the  form  of  a helix  with  a 2-1/4  inch  i.d.  and  a pitch  of  5/8  inch 
per  turn  idiich  is  immersed  in  a fluidized  solids  bed.  The  housing  for 
the  fluidized  bed  Ls  5 by  4 by  15  inches  and  is  filled  to  a height  of 
approximately  10  inches  with  fused  alumina  of  100  to  1^  micron  size. 

Four  350  watt  heaters  are  clamped  directly  to  the  outer  shell  ai^  are 
controlled  by  variable  heat  switches  and  varlacs.  The  iMttom  of  the 
fluidized  solids  section  consists  of  a porous  brass  plate  to  distribute 
the  fluidizing  air.  The  exhaust  air  from  the  fluidized  section  passes 
through  a cyclone  precipitator  to  remove  any  entrained  j^rtlcles.  The 
heat  exchanger  Is  insulated  with  1 inch  thick  laminated  asbestos  paper. 
Tests  indicate  that  there  is  essentially  constant  temperature  throughout 
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mSTSfCT  OUH  STUDIES  ON  JP-4  REFEREE  FUEL 

uujn  determinations  hare  been  conducted  in  accordance  with  the  air  Jet  pro- 
endure  of  ASTM  Test  Method  U38i~5£r.  In  accordance  with  this  procedure  a 
50  ml  sample  of  test  fliiid  is  evaporated  at  a test  temperature  of  311  * 
9®^  • ai'»  air  otream  of  1000  * 150  ml.  per  sec.  at  cho  test  temperature. 
T>ie  test  is  continued  for  a period  of  15  minutes  after  dryness  is  r.’iRched. 


Test  Fluid  \J-) 

Preliminary  Treatment 

Existent  I 

mg./lOO  ml.  1 

"Topped"  jr-4  referee  fuel 

None 

10 

"Topped"  JP-4  referee  fuel 

Feed  taken  from  extractor^^) 

43 

"Topped"  JP-4  referee  fuel 

Treated  with  liquid  NH3  in 
glaaeO) 

17 

"Topped"  JP-4  referee  f\iel 

Washed  with  5^  NaOH  (aqueous) 

20 

"Topped"  JP-4  referee  fuel 

Simple  distilled 

2.4 

"Topped"  JP-4  referee  IViaL 

10:1  weight  ratio  oil  to  gel 
silica  gel  percolation(4) 

1.8 

"Topped"  JP-4  referee  fuel 

10^1  weight  ratio  oil  to  mel 
silica  gel  batdi  eontactT5) 

2.4 

"Topped"  JP-4  referee  fUel 

30:1  weight  ratio  oil  to  gel 
silica  gel  batch  contactlS) 

3.6 

(1)  JP-4  referee -fuel  topoed  in  fractionating  column  (75  theoretical 
plates)  to  remove  material  boiling  below  200®F.  ^i?  low  boiling 
material  caiprises  spproxlniately  15  volume  per  cent  of  the  JP-4 
referee  fuel, 

(2)  This  sample  was  removed  from  the  feed  tank  of  the  extractor  during 
run  231.  The  feed  had  been  contacted  with  ammonia-amine  solvoit 
for  about  40  hours  prior  to  the  sanpling. 

(3)  This  sanple  was  shaken  with  an  equal  part  by  wei^t  of  aniaonia- 
amxne  solvent  for  one  hour  in  a glass  pressure  llask. 

(4)  This  sanqple  was  percolated  throu^  a 0.39”  i*d.  column  packed  with 
28-200  mesh  silica  gel  for  a height  of  21'*.  The  sample  used 
represents  about  90^  of  the  •’topped'*  JP-4  fuel.  The  other  lOSf 
remained  adsorbed  on  the  gel. 

(5)  This  sample  was  ^aken  with  the  silica  gel  for  1/2  hour  and  then 
filtered. 
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Table  89 

mSTENT  AND  POTENTIAL  GUM  STUDIES  WITH  JP4  FUEL  FRACTICMS  FROM  EiTFJlCTION 
DISTILLATION,  AND  SIUCA  GEL  TREADIENT 
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T&bXe  92  (Continued) 
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bed.  Tnis  fluidized  solids  bed  is  of  the  saae  general  coj^- 
atn^ction,  but  smaller  in  capacity,  as  the  heater  lor  the  nign  teapera- 
ture  hj^draulic  wrap  systea  desenoed  in  nection  I of  this  report. 


I 


The  filter  holder  consists  essentially  of  a high  pressure  3/1 
inch  steel  pipe  union  fitted  on  both  ends  with  1-3/3  inch  steel  bai'  stock 
and  a holair^  nut  oachined  to  screw  into  the  inside  of  the  isale  part  of 
the  A sioplified  ci-css  section  is  shown  on  Figure  39.  The 

filter  dit<  <tnd  its  g^.^deet  is  held  between  the  holding  nut  "uid  the  squared 
shoulder  c*  the  bar  8*-ock  in  the  male  part  of  uue  union.  A 7A6  inch 
dianet^j  ht'e  is  dxdiled  through  the  two  pieces  of  bar  stock  and  tb4C 
holding  nut  to  give  a filter  area  equal  to  one  square  centle^ter.  The 
pressure  taps  on  each  side  of  the  filter  disc  are  connected  by  1/3  inch 
o.d.  stainless  steel  tubing  to  two  calibrated  pressure  gauges.  Two 
themocouples,  protected  by  stainless  steel  byi»d®raic  tubing,  are  fitted 
to  the  holder  to  measure  the  tesq^rature  of  the  test  fluid  before  and 
after  passing  through  the  filter  disc. 

Ihe  filter  holder  is  equipped  with  a heating  Jacket.  This 
Jacket  consists  of  a 9-1/2  inch  length  of  3 ii'ch  o.d.  Shelby  tubinr 
slotted  to  fit  over  the  filter  holder.  T«o  pieces  of  1/2  inch  o.d. 
steel  tubing  act  as  holders  for  two  150  watt  heaters  wired  in  parallel 
and  controlled  by  a variac.  This  equipaent  is  designed  to  keep  the 
test  fluid  at  test  temperature  as  it  passes  through  the  filter.  The 
3/l6  Inch  o.d.  stainless  steel  line  *‘rc&  the  fluidizea  bed  heat 
exchanger  is  Insulated  with  asbestos  cloth  to  ainimise  the  heat  loss. 

Tne  hot  test  fluid  is  cooled  by  water  in  a countercurrent  heat 
exchanger  before  it  enters  the  pressure  loading  capillary.  The  beat 
exchanger  consists  of  eight  feet  of  3A3  inch  o.d.  stainless  steel 
tubing  inside  a siailar  length  of  1/2  o.d.  copper  tubing. 

The  pressure  loading  device  consists  of  a 5-1/2  inch  length 
of  0.008  l.d.  stainless  steel  capillary  tubing  supported  in  a i/o  inch 
pipe  5-1/2  inches  long.  The  exit  of  the  pressure  loading  device  is 
teed  and  fitted  with  two  stainless  steel  needle  valves.  One  line 
geos  to  the  feed  reservoir  and  the  other  line  is  used  as  a saapler. 

By  proper  setting  of  the  valve,  the  circulation  rate  cf  the  test  fluid 
ray  be  neasured. 

F.  P£0C£DURS  FOR  HIGH  TatPSRATURE  DIR71Hi;SS  TEST.  The  unit 
is  washed  with  benzene,  dismantled,  and  &ir  dried  after  each  run.  The 
high  teaprratuic  dirtiness  test  procedure  censiste  of  circulating  a 250 
nllliliter  charge  of  test  fluid  through  a 5 micron  stainless  steel  porous 
plate  filter  at  room  temperature  to  remove  any  suspended  material  in  the 
test  fluid.  The  5 micron  filter  disc  is  then  removed  ana  the  test  filter 
is  acunted  in  its  place.  The  test  fluid  is  circulated  at  room  t^peraturc 
at  a rate  of  about  20  to  25  nillilitci^  per  minute  under  approximately 
250  p.s.i.g.  pressure  for  cr.e  hour.  The  pressure  drop  across  the  filter 


at  the  end  of  this  time  is  taken  as  the  starting  pressure  drop  for  this 
test. 
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Ilie  heat  is  turried  on  the  fl\ddi2ed  bed  heat  exchanger,  and 
the  fliiid  is  brought  to  test  teEperature  as  rapidly  as  possible,  Durir.g 
the  heating  period  (apprexisately  1-1-5  hours)  the  fluid  is  continually 
recycled.  Ihe  heat  is  stopped  vhen  either  the  pressure  drop  across  the 
\.est  filter  exceeds  iOO  p-s.a.  or  the  test  fluid  is  recycled  through 
the  filter  at  test  teaperat\tre  for  one  hour.  The  pressure  drop  at  the 
enC  of  the  test  is  an  indication  of  the  high  teaperature  dirtiness  of 
the  test  fluid. 


1.  Preliminary  Tost  Results.  The  results  of  high  teaperavure 

tesc*»  in  the  filter  tr«st  unit  are  givoi  in  '-’able  93  " -otal 

of  23  runs  were  r de.  Soae  runs  vere  discarded,  prinari]^  because  of 
operational  diffictilties. 

The  pressure  drop  across  the  filter  is  indicative  of  the  dirti- 
ness of  the  test  fluid.  It  is  believed  that  this  is  net  a linear  function 
of  the  aaoxuit  of  insolubles.  At  the  flow  rates  used,  10  p.s.i.  pressure 
drop  indicates  essentially  a plugged  filter.  Present  knowledge  of  filtra- 
tion su^ests  that  there  is  no  siat^e  relationship  betveen  plugging  cf 
filters  and  amounts  of  insolubles,  since  particle  size  plays  an  inportant 
part  in  closing  off  pore  openings  in  a filter.  Past  experience  shows 
that,  for  equal  q\nntities,  insoluble  materials  with  particle  sizes 
approximately  equal  to  the  oean  pore  openings  of  a filter  disc  will 
cause  such  higher  pressure  drops  than  insolubles  with  fairly  large 
particle  sizes.  It  is  also  knovn  that  filters  will  resx>ve  such  ssaller 
particle  sizes  than  the  scan  pore  opening. 

The  cata  on  Table  93  can  be  taken  as  indicative  of  general 
trends.  The  extraction  products  evaluated  ail  appear  to  cause  core 
severe  filter  clogging  than  the  starting  salerial  for  the  extraction 
(topped  JP-4  referee  fuel).  This  is  consistent  with  the  sharp  increase 
in  existent  gus  for  the  extractor  products  over  the  topped  JP-4  referee 
fuel  as  shown  on  '‘.able  88.  The  high  paraffin  JP-4,  topped  JP-4  referee 
fuel,  and  the  original  JP-4  referee  fuel  all  show  scce  ir.creass  in 
pressure  drop  across  the  filter  under  these  test  conditions,  high 
paraffin  JP-4  is  generally  considered  t-o  be  a clean  fuel  and  JP-4 
referee  Tael  a relatively  dirty  fwi  in  the  various  oxidation  tests. 

Th's  trend  is  not  as  pronounced  in  these  filter  tests. 

The  last  three  tests  on  Table  93  show  ^he  results  cf  an 
03Qrg^iated  solvent  (isoasyl  acetate)  on  raffinate  237  fraction.  This 
bZend  exhibits  excellent  cleanliness  in  the  severe  oxidation  tests. 

It  has  been  suggested  that  the  improved  cleanliness  of  this  blend  over 
the  raflinate  237  frpction  may  be  due  in  part  to  solvent  powers 
of  the  isoasyl  acetate.  It  is  evident  from  an  evaluation  of  tne  fil- 
tration unit  after  tne  tests  with  the  raffinate  237  fraction  containing 
25  weignt  per  cent  isoaayl  acetate,  tha^  the  L’zprsved  solvent  powers  of 
the  blend  iiave  cleaned  deposits  froa  previvus  tests  the  walls  of 
the  neat  exchanger,  filter  case,  and  cooler.  This  cleaning  effect  of 
the  bicnd  Cv>ntnbuved  substanv^auLy  vo  t-ne  filter  plugging  r^ted  in  tests 
29,  21  23. 
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This  last  series  of  tests  points  up  soae  of  the  problems 
inherent  vdth  a recyclii«ji  test  fcllc^dns  the  curren-  design,  using 
3A6  inch  stainless  ‘?teel  tubing  for  the  heater  and  cooler  makes  adequate 
cleaning  between  tests  •usjossxble.  Ir.  recycling  tests>  not  only  the 
^stea  ahead  of  the  filter  but  the  entire  systea  must  be  adequately 
cleaned  between  tests.  The  test  ^stec  is  currently  being  revised  to 
sihlmize  scce  of  the  prooi«ns'  encountered  in  these  preliminary  tests. 

•t.  CCMOLUSlcaiS.  The  problem  of  preventing  g«2  fomation  in 
jet  lutild  Joe-*  not  appear  to  ru^.c  o.  oiz;plc  solution  viiich  'an  be  obtained 
by  minor  changes  in  refining  processes.  The  various  l^ydrocarbon  classes 
in  JP-4  referee  fuel  have  been  successfully  concentrated  means  of 
liquid  extraction  with  an  aa&onia-aziane  solvent.  The  products  of  this 
liquid  extraction,  as  well  as  other  products  of  JP-4  referee  fuel  sepa- 
rated by  silica  gel  adsorption  and  distillation,  show  major  changes  in 
cr^aposltion  over  the  original  JP-4  referee  fuel,  but  only  minor  differ- 
ences in  potential  dirtiness  and  gua  foming  tendencies. 

In  general,  the  total  gum  formation  appears  to  be  a linear 
function  of  the  oxygen  assimilated  for  tne  JP-4  fuel  and  JP-4  fuel  frac- 
tions in  the  standard  oxidation  test.  The  dirtiness  or  insolubles  forced 
exhibit  a typical  induction  period  phenomenon.  That  is,  the  insolubles 
do  not  fona  until  after  some  oxidation  has  occurred.  Free  this  point  on, 
however,  the  formation  of  insolubles  appears  to  be  essentially  linear  with 
further  oxidation. 

In  the  standard  oxidation  tests,  the  formation  of  total  gum  is 
generally  very  much  lower  for.  the  various  pure  hydrocarbons  tested  than 
for  any  of  the  fractior.s  sej^rated  fn»  tt't  JP-4  referee  fuel.  Con- 
densed ring  ccopounds  containing  both  aromatic  and  naphthenic  rings  show 
by  far  the  most  gum  forming  tendencies  among  the  pure  hydrocarbons  tested. 
Sii&ple  mixtures  of  pure  hydrocarbons,  blended  to  give  roughly  the  same 
ratios  of  the  various  classes  of  hydrocarbons  found  in  JP-4  fuel,  give 
only  a fraction  of  the  dirtiness  and  gma  formation  of  the  JP-4  fuel  after 
oxidation  tests  of  equal  severity.  The  addition  of  about  one  weight  per 
cent  of  a srclXide  cr  disulfide  to  the  blend  of  pure  hydrocarbons  tends 
to  increase  the  insoluble  and  gum  forming  tendencies  of  the  blend  ui^der 
oxidation.  The  presence  of  these  sulfur  compounds  slows  down  the  rate 
of  oxidation,  however. 

It  has  been  noted  that  fractions  of  J?-4  referee  fuel  from 
which  substantial  portions  of  the  aromatic  and  olefin  hydrocarbons  have 
been  r^aoved  show  an  appreciable  increase  in  insoluble  formation  upon 
oxidation  over  tnat  of  the  fractions  of  the  Jr-4  referee  fuel  In  which 
the  arceaatic  portion  is  concentrated. 

^dstent  gaa  and/or  insolubles  appear  to  be  relatively  ccaplex 
oxidation  and  condensation  products  of  the  original  hydrocarbon.  Scistent 
gun  can  ce  removed  from  JF-*:  referee  fuel  and  all  of  the  other  hydrocarbons 
tested  fcy  distillation.  Silica  gel  adsorption  is  also  effective  in 
removing,  or  lowerixig  the  gum  content  of  iiydrocarbon  mixtures.  Asraonia- 
amine  extraction  of  JP-4  referee  fuel  was  not  effective  in  reducing  existent 


WADC  ??.  55-30  Pt  3 


- ZiB  • 


Figure  39 


FItTS?.  HOLDSR  FOR  HIGH  TtSiPERATURS  JST  FUEi. 
INSOLUBLES  EVALbATIOiS 

SCALE*.  0.5  IN.  • I In. 
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gum.  This  may  be  due  in  part  to  a chemical  action  of  Uie  amaonia-amine 
solvent  on  the  JP-4  referee  fuel. 

A high  paraffin  JP-4  fuel  sample  from  Phillips  PetrolCiSa  Corp. 
has  been  evaluated  in  standard  oxidation  tests.  The  o^dation  character- 
istics of  this  fuel  re;ct^le  those  of  paraffin  hydrocarbons.  That  is, 
litt3e  soluble  gum  and  no  insoluble  gum  is  fenced  in  the  staridard  oxida- 
tion test  filth  the  high  oaraffin  J?-^. 

The  purv  *”* 'Hons  and  JP-4  fuels  have  also  been  evaluated 
in  a tMn  film  type  te?-  inv.'lviiig  t-ae  use  cf  largo  metal  catalytic 
surfaces.  Tne  ^letals  used  as  catalyses  are  steel  and  copper.  The  use 
of  large  catalytic  surfaces  appears  to  Lave  little  effect  on  the  for- 
mation of  overall  gum  or  insolubles  vith  Jr-4  referee  fuel  and  its  frac- 
tions. The  rate  of  oxygen  assimilation  is  3ncrcased,  houever.  The 
paraffin  hydrocarbons  and  high  paraffin  JP-4  which  produce  no  insoluble 
gum  in  the  standard  oxidation  test  produce  large  quantities  of  insoluble 
gum  in  the  thin  film  test  with  steel  catalyst.  Additional  studies  show 
that  the  presence  of  the  metal  catalyst  area  is  the  most  important  factor 
in  the  gum  formation.  Copper  as  well  as  steel  shows  a marked  catalTtic 
effect  on  the  thin  film  <u^aticn  test.  Copper,  in  general,  tends  to 
increase  the  oxidation  rate  ar^d  in  seme  cases  may  lower  gua  foxmatlon  as 
compared  to  steel. 

Kone  of  the  simple  oygenated  materials  evalitated  In  the 
standard  oxidation  test  produced  insoluble  gum.  The  addition  of  osq^genated 
materials  to  a "dirty"  fuel  (raffinate  237  fracti'  of  JP-4  referee  fuel) 
does,  in  all  cases,  substantially  reduce  the  dirtiness  fomed  per  unit  of 
oxygen  absorbed*  Mixtures  of  oxygenated  materials  oitd  raffixiate  237  frac- 
tion give,  in  all  cases,  a higher  rate  of  oxidation  or  less  induction 
period  than  either  of  the  eaiiponents  tested  alone. 

Inhititor  studies  with  ?ara».ox  441  and  U.O.P.  Inhibitor  No,  5 
indicate  that  these  matetlals  are  not  partic\darly  effective  in  the  JP-4 
fuels  equated  in  the  25C*F.  oxidation  tests,  all  cases,  U.O.P. 
Inhibitor  Ho.  5 is  more  effective  than  Paranox  441  in  the  same  test 
fluid. 


The  pumping  test  rig  for  jet  fuel  dirtiness  evaluation  shows 
general  correlation  with  the  relatively  severe  st3r.dard  oxidation  tests. 
Sane  redesign  of  the  pmsping  apparatus  appears  necessary  to  aid  in  ^stem 
cleaning  between  tests. 

H.  FuFURS  'WORK.  The  test  unit  deslgi^ed  to  siiaulate  the  thenoal 
history  of  jet  fuel  flow  from  the  tank  througi*  the  heat  exchanger  to  the 
burner  noz^e  is  now  being  loodlfied  to  facilitate  cleaning  and  to  allow 
for  the  observation  of  the  deposits  formed  on  the  heat  ewhanger  as  well 
as  measurement  of  the  pressure  buildup  across  a sintered  metal  filter. 

This  unit  will  be  employed  in  the  cooperative  study  of  10  jet  fuels 
sponsored  by  the  Power  Plant  Laboratory  of  the  hVight  Air  Developaent 
Cent er. 
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An  attempt  will  be  made  to  develop  a thin  film  type  test  In 
which  the  deposits  adhering  to  the  metal  catalyst  can  be  better  observed 
and  measured.  The  temperature  of  such  a test  will  be  increased  to  the 
xange  of  liOO®  to  AOO®F.  The  extent  of  oxidation  will  be  limited  by  the 
amount  of  oxygen  or  air  charged  to  the  test  tube.  The  oxidation  range 
studied  will  be  much  less  severe  than  those  of  the  standard  and  thin  film 
test.o  discussed  in  this  report.  A mild  thin  film  tost  of  this  type  will 
also  bo  ncluded  in  the  cooperative  Jet  fuel  testing  program.  Wic  charge 
for  the  iet  fuel  test  unit  discussed  above  is  on  the  oirder  of  2 to 

5 gallons  conpared  with  50  to  ICO  -,.1.  for  the  thin  film  test  unit.  Tt  Is 
apparent  that  this  lati ar  unit  is  desirable  for  conducting  teats  on 

materials  of  limited  quantity,  such  as  pure  hydrocarbons  or  trace  coox- 
ponents  separated  from  actual  Jet  fuels. 

The  effectiveness  of  oxygenated  compounds  as  solubilizers  for 
insoluble  gum  in  JP-4  referee  fuel  will  be  evaluated  further.  The  frac- 
tions of  JP-A  referee  fuel  vAiich  are  described  in  this  report  vdll  be  used 
as  test  fluids  for  the  proposed  test  techniques. 
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IV.  KISCSLiJUiEOUS  STUDIES 


A,  SEVSLQrHEKT  AKD  EVALUTION  Cff  THIK  FllM  RUST  PRSVEKTIVS 
CQtPOSITIOKS.  This  Laboratory  lo  wonductixig  research  and  developaent  wrk 
on  a ti^  filza  rusx.  preventive  and  prcss.-vative  oil  which  is  designed  to  be 
caapati.^e  with  both  mineral  oil  and  ^tlretic  l^rdraulic  fluids.  This  woxic 
is  beir.g.  cowiuctcd  for  the  Kavy  Bureau  of  Ordnance  under  Supplemental 
Agreement  Ho.  54(53-1095)  of  Contract  AF33(03S)1819)*  A progress  report 
on  this  ds/eioptaent  work  covering  the  period  of  October  1953  through 
January  has  been  issued  as  report  PfiL  7.1-Jan54  at^  is  included  here 
as  ApperJis.  a.  it  i**.  believed  that  these  data  may  have  application  in 
seme  Aip  /orce  problea.  . The  mineral  oil  and  synthetic  fluids  that  tnis 
thin  protective  film  is  designed  to  oe  coopatible  with  include  fluid  types 
such  as  Spec.  KIL-0-5^,  KU.-I/-63S7,  and  KlL-L-7808  which  are  widely  xised 
by  the  Air  Force. 

B.  USED  SAKPLES  CF  SfSC.  lOL-i/^BS?  KCDHAULIC  FLUID.  This 
Laboratory  has  received  from  the  Wri^t  Air  Development  Center,  three 
samples  of  used  Spec.  KlL-Ir-o3B7  tororaulic  fluid.  It  is  indicated 
that  these  fluids  were  removed  from  Sundstrand  constant  speed  alternator 
drives  during  a Technical  Order  Cottpliance  overhaul.  It  is  further 
indicated  that  the  brass  and  bronze  parts  of  the  drive  showed  some 
brown  discoloration.  It  was  re^uest-ed  that  these  fluids  be  evaluated 
with  respect  to  fluid  stability.  The  designations  of  these  flxiids  arc 
shown  in  Table  94* 


T ae  94 


Kisrm  OF  USSD-SPSC.  hAir^L-658V  KiDRAULIC  FLUIDS 


Design. 

PBL  3319 
rSL  3482-1 
FHL  3482-2 
PBL  3482-3 


Taken  trra  £cgine 

Drive  Serial  Ho.  Time.  Hra. 

Unused  Ccoaercial  Batch  of  Spec.  MIL-L-6387  Fluid 
707 

747  465:00 

750 


These  samples  ve.e  clear  and  free  from  sediment  as  th^  were 
received  by  this  Laboratory  The  properties  of  the  original  fluid  charged 
to  the  alternator  drives  arc  not  known  to  this  Laboratory.  Cceparative 
properties  have,  therefore,  been  obtained  for  a cosinerci^  batch  of 
Spec.  MIlf»L-638?  hydraulic  fluid  (ESL  3319)  availabl©  at  this  Laboratory. 

The  viscosity  properties,  neutralization  roiaber,  and  wear  behavior 
deteimined  for  these  samples,  along  with  similar  properties  for  FBI  3319, 
are  given  in  Table  95- 
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Table  95 


PROPERTIES  OF  USED  SPEC.  MIL-L->6387  HYDRAULIC  FLUIDS 


Tes'.  Fluid 

PRL 

3319 

PRL 

3482-1 

PRL 

3482-2 

PRL 

3482-3 

Cent* st oka  Viscosity  at  210 •F. 

4.57 

3.80 

4.20 

3.68 

100*F. 

15.5 

13.3 

14.6 

12.9 

ASri  Slone  (210'  to  lOO-F.) 

0.580 

0.634 

0.608 

0.643 

Per  Cent  Vlscosiuy  Decrease  at 

100«F, 

- 

U 

6 

17 

Neut.  No.  (Mg.  KOH/Ghi.  Oil) 

0.5 

0.2 

0.4 

0.5 

Vfear  Characteristics 

Average  Wear  Scar  Diam.,  mm. 

1 Kg. 

0.35 

0.36 

0.43 

0.43 

10  Kg. 

0.37 

0.35 

0.36 

0.50 

40  Kg. 

0.78 

0.56 

0.91 

0.84 

Aside  from  the  viscosity  decease  and  the  accompanying  change  in 
ASTM  slope,  there  does  not  appear  to  be  any  appreciable  fluid  deterioration. 
A viscosity  decrease  due  to  shear  of  this  magnitude  would  be  expected  with 
a fluid  of  the  Spec.  MIL-L-63S7  type.  As  indicated  previously,  these  vic- 
cosity  changes  are  only  approximate  in  that  they  are  based  on  an  unused 
fluid  available  at  this  Labor  ‘ory. 

Stable  life  type  oxidation  and  corrosion  tests  have  been  carried 
out  on  these  samples  as  well  as  on  PRL  3319*  In  these  tests,  the  fluids 
are  subjected  to  the  conditions  of  the  347*F.  Spec.  MIL-L-6387  procedure 
except  that  the  test  time  is  extended  to  the  point  at  which  there  is  a 
rapid  increase  in  neutralization  number  with  test  time . Only  one  of  the 
used  fluids  (PRL  3A82-1)  shows  a characteristic  break  in  the  plot  of 
neutralization  number  versus  test  time.  PRL  3482-1  has  an  oxidation 
stability  of  the  sanie’  order  of  magnitude  as  that  shown  by  a Spec.  MIL-L-6387 
fluid  prepared  at  this  Laboratory  with  distilled  base  stock  (PRL  3039)- 

PRL  3482-2  and  PRL  3482-3>  along  with  tii-*.  •u.Uf;e';  i’ir.id  (ppi,  3319), 
do  not  give  the  characteristic  break  in  the  ulot  i.rjv^^rajiza'.rbu'.  ru-r;>.cr 
versus  test  time.  Rather,  these  three  fl\iid3  show  a ..^aady  increai;?  in 
neutralization  number  with  test  time  to  a vaiu*^  of  »pi.-roxii:iateiy  11  uu;. 
potassium  hydroxide  per  gram  of  fluid  after  a test  time  of  300  hours-;  at 
347-F. 


These  data  indicate  that  the  oxidation  stability  of  the  three 
used  fluids  is  not  appreciably  changed  from  tnat  shown  l>y  typical  unused 
fluids  of  the  Spec.  MIL-L-6387  type. 

C.  SHEAR  STABILITY  REFERENCE  POl.'fMER.  n sauiple  of  Aciy.loid 
HFS-4  has  been  received  from  the  Rohm  and  iie.a3  Company,  This  polymer 
has  been  prepared  for  use  in  the  formulatirui  of  Spec.  MlL-F-5602  shear 
stability  reference  fluid.  Spec.  Mll/-F-.^60,^  . hear  stability  reference 
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fluid  IS  used  to  control  pcrtsanent  viscosity  decrease  due  to  shear  in  vhe 
procurement  of  Spec.  KIL-O-5606  hydraulic  fluid.  This  sample  has  been  sub- 
cdtted  in  accordance  vilth  uhe  Specification  rcq’uirecient  that  each  new  lot 
of  referciioe  polyaci-  be  approved  by  the  Wright  Air  Developcent  Center 
before  *t  can  be  accepted  for  use  in  Spec.  KIL~?-5602  shear  stability 
reference  fluid. 

hn  e:q>eriaental  blend  (PRL  3492)  containing  .Acryioid  KFS-4 
has  ceen  prepared  to  meet  th-  viscosity  requireae*.ts  of  Spec.  XlL-?-5602. 
'ihe  vxsco.  v..y-3hear  stability  of  FSL  3492  ^s  been  determined  in  this 
Laboratvr/*v  rycon  po"'  test  stand.  The  values  obtained  for  FeiL  54y2 
have  beer-  ccopared  dire.  ..ly  with  those  obtained  for  blerd  PRi  306O  con- 
tainirig  Acryloid  HFS-3  under  the  same  test  conditio!.s.  The  test  condi- 
tions for  the  evaluation  of  the  two  fluids  are  listed  below. 

Pvnp  Ifycon  &od^  67-A-O50 

Temperature  (Piisp  inlet  temp.)  100*F. 

System  pressure  1250  to  1300  p.s.i. 

Loading  device  0.03C  ir.ch  orifice 

Pressxire  across  orifice  1225  to  1250  p.s.i. 

Test  time  5000  cycles 


The  data  obtained  for  FQL  3492  shows  that  it  incurs  essentially 
the  same  percanent  viscosity  decrease  with  pttsping  time  as  that  determined 
for  PHL  3060  centaining  Aexyloid  KFS-3.  On  the  basis  of  these  data, 
Aciyloid  HFS-4  is  considered  to  be  e««isfactory  for  the  preparation  of 
Spec.  MIL-F-5^2  shear  stability  reference  fluid, 

D.  AS1M  RSPSaaiCS  FLUIB  SVALUATIOH  m P534AMSKT  shear  effects. 
Section  B,  Research  Division  VII,  .tSIM  Cc»iti^ee  D-2  has  undertaken  a 
cooperative  test  program  for  evaluating  the  permanent  viscosity  loss  due 
to  shear  of  two  non-newV.nlan  test  oils.  This  Laboratory  is  cooperating 
in  this  evalx3tion.  The  two  ASTX  reference  oils  10761  and  11031  have  been 
evaliiated  in  bhe  PHL  liycon  poep  test  stand  and  the  results  compared  with 
those  of  ASIM  oils  103  104  previously  described  in  resort  P.B.L.-9-49 

to  the  American  Petrole^r-  Irxstitute  entitled  TriS  FREPARATICK,  PR(2»SrTISS 
AKD  VISCOSITI-SEAR  BSHAVlca  CF  A.P.l.  TEST  OILS  JiOS.  103  AND  104,  dated 
October  24,  1949.  These  results  are  also  ccopared  with  r.iallar  tests  for 
Spec.  KlL-F-5^2  shear  stability  rcferenc*  fluid  and  Spec.  HlLrO-5606 
mineral  oil-base  hydraulic  fluid'.  The  cocpcsition  ara  properties  of  the 
ASlh  reference  fluids,  as  suprdied  by  the  AS7M  D-2  Lomulttee,  are  shown 

Oi  96, 


/O  - ci  reimanent  ^ear  data  for  the  ASTM  reference  fluids 

have  been  obtained  in  PP”  Hycon  pxsp  test  stand  usi:^  an  orifice 
loading  device.  Figure  i*0  shows  a caparison  of  the  permanent  visc'^sity 
decrease  as  a function  of  time  on  shear  ti.*-.  i>jc  .-.STH  reference  fluids 
btA  Spec.  K1L4)-5606  hydraulic  'luid.  Tsese  sb<»?.r  tests  were  :;onducted 
at  a pressure  of  1325  1.  25  p.s.i.  for  a duration  of  5000  cycles  through 
the  orifice.  These  data  show  tmt  Spec.  HIL-C-5N-.»  hydraulic  fluid  is 
about  midway  oetween  the  two  ASTX  reference  flxd.  s in  severity  aruj  appears 
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to  belong  to  the  same  family  of  curves  for  pentanent  shear  versus  oil 
cycles  through  the  shearing  device.  Data  have  been  obtained  for  the 
two  ASTM  reference  oils  at  a pressure  drop  of  3025  50  p.s.l.  for  a 

test  duration  of  5000  cycles.  These  tests  indicate  that  ASTM  oil  10761 
shows  less  permanent  viscosity  decrease  due  to  shear  than  does  ASTM  oil 
11081, 


Figures  AO  and  A1  show  the  permanent  viscosity  decrease  as  a 
funcllon  of  oil  cycles  tht'ough  the  orifice  at  two  pressm'e  loadings. 
S\:l:auisnt  datA  are  available  to  show  the  ASTM  reference  oiJla  In  coraparl- 
sc;.  '-ath  simlX-Ar  reference  and  hydraulic  fluids  in  pemanent  viscosity 
decrease  due  to  b.4ear  versus  pressure  drop  across  the  orifice  after  5000 
oil  cycles.  The  data  on  Figure  42  show  a comparison  between  the  current 
ASTM  refeirence  oils  10761  and  11081  and  ASTM  reference  oils  i03  and  104 
reported  in  P.R.L.-9-49.  The  indications  are  that  the  same  type  and 
concentration  of  polymer  was  used  in  ASTM  oils  103  and  10761.  The  same 
relationship  Is  apparent  for  ASTM  oils  104  and  11081.  The  major  dlffez*- 
ence  between  these  two  sets  of  reference  oils  Is  the  base  stock  vis- 
cosity In  which  the  pol3fmer  is  dissolved.  ASTM  oils  103  and  104  were 
prepared  In  a naphthenic  gas  oil  of  8.8  centistokes  at  100**F.  vMle 
the  base  stock  for  ASTM  oils  10?6l  and  11081  is  indicated  to  be  a 
naphthenic  gas  oil  of  about  3.5  to  4 centistokes  at  100**F.  Thus,  it  is 
believed  that  the  extrapolation  of  the  data  for  ASTM  reference  oils 
below  pressures  of  1325  p.s.l.  is  valid. 

Figure  43  shows  the  »'anparison  of  Spec.  MIL-0- 5606  hydraulic 
fluid  and  Spec.  MIL-F-5602  shear  stability  reference  fluid  with  the 
two  ASTH  reference  oils.  The  Spec.  HIL*0-5606  and  HIL-F-5602  fluids 
again  appear  to  be  midway  between  the  two  ASTM  reference  oils  over  the 
entire  pressure  range  evaluated. 

These  data  have  been  transmitted  to  Section  B,  Research 
Division  VII  of  Ccmmlttee  D-2. 

E.  TEMPORARY  VISCOSITY  DECREASE  DUE  TO  SHEAR.  Tnis  Uboratory 
has  evaluated  the  non-Newtonian  behavior  of  polymer-containing  fluids  in 
several  mechanical  devices.  These  m^^thoas  include  (a)  leakage  at  high 
shear  rates  past  pintles,  seals,  and  pirtcuc  in  hydraulic  units,  (b) 
leakage  through  the  piston-cylinder  ‘■■nT’  clear.^nco  of  a Bosch  Diesel- 
type  piston  pump  where  the  plstonr  are  l3pp9Q  into  the  cylinders,  (c) 
flow  at  shear  rates  in  the  range  cf  O.i  300  reciprocal  seconds 
(sec.“l)  using  glass  capillaries  visccmt-*ter3,  and  . (J)  flow  through 
calibrated  metal  capillaries  usin~  a liydrauiic  pump  to  attain  extremely 
high  shear  rates  while  maintaining  citrcaTlinc  flov?.  This  latter  device 
is  designated  as  the  PRL  high  shear  vircor.etc’'.  These  testers  are  all 
based  on  oil  flow  through  a capilli^-iy*  tube  and  it  is  the  viscosity  as 
such  that  has  been  measured. 

There  is  a dearth  of  iar.-rant^ ->i.  in  the  literature  on  the 
application  of  these  non-Newton •• -u.  to  conventionally  loaded 

journal  bearings  for  the  eval'-a;  ' : of  feJ  etJon  and  oil  film  thickness. 
Through  the  NACA  subcommittee  .'t  Vv.a/*  and  x-h-rication,  this  Laboratoiy 
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Table  96 


CCHPOSiTION  AND  PHTSICAL  ?RCH>BRT1ES  OF  ASIK  REFEBSKCS  FLUIDS 


«££*£!«  ailO  D6SI6. 

NO.  I076l 

NO.  iicei 

PCLWR 

SAN.1?  *ri 

APPAREtT  AdEClHAR 

SCLIO:,  VT.^ 

S12S  OIL 

*%»/ 

26 

52.0 

APPROXIMATES  TKAT 

£'£€5r;:o  ir 
Kll-F-S602 

SYB  yny 

96 

50.? 

APPROXIMATES  TnAT 
SPECIFIED  iH 
l••*.F*?6o^ 

sEFEscsa  aois 

coxc.  POLmR, 

20.t 

11.2 

(AS  rCCElYECJ 

YIS.  AI  2IO*r.,  CS.,  ^ 

5.?0 

5.60 

AT  I50*F.,  CS.12J 

II. iO 

AT  lOO-F.,  CS. 

iS.03 

■ 6.29 

AT  .40*F.,  CS. 

?w 

680 

YIS.  AT  2S0T.,  SUS,^, 

<5.6 

44.8 

AT  130*F.,  Stti2l 

£2.9 

6».2 

AT  IOO*F.,  StS 

81.4 

82.2 

AT  .<0*F.,  SJS 

>5S5 

3:20 

YISCCSITT  IISCA 

212 

212 

A$T«  SLCPE,  2I0*F.  TO  IOO*F. 

0.509 

0.558 

P05R  POINT,  ♦£, 

EElW  -75 

BELOV  -75 

flasn  point,  *F.  (COC) 

220 

205 

TA«-f , •S,  SCS'O. 

0.? 

0.5 

T9Y>E,  K.  ECS^S. 

0.2 
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Figure  i*0 

:iMAH12NT  VISCOSlTi:  DSCRiSAfflS  DUE  TO  SHEAR  FOR  SEVERAL  FLUIDS  IN  PRL  IKCON  r''MP  TEST 
TEST  COKfilTIOrtS:  AU  TESTS  COHOUCTCO  AT  IOO*r.  (PUMP  IMLCT  tEHPCRATURt).  PRESSURE  UA;>t.u 
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Figuro  41 

PEmUfiNT  VISCOSl’n  1)ECHEA»B  due  to  SliEAK  FOR  SEVERAJ.  FL^-DS  IN  PRL  HYCON  PUMP  T '^>7  SiTAND 
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i'loooure  Dr  ip  Acroon  Oi-lfico,  p.o.l. 
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has  submitted  t'iv^  gallon  samples  of  each  of  twp  non-Newtonian  and  on  a 
Newtonian  oil  to  the  NACA  journal  bearing  lubrication  project  at  Cornell 
Ifeiiversity.  These  thwe  fluids  have  been  designated  as  PRL  3375,  PEL  3374. 
and  PRL  3373  and  were  fonaulated  to  match  the  properties  of  ASTM  oils  101, 
104  and  103,  re^ectlvely.  These  AulK  oils  are  described  in  detail  in 
iepoi*t  P.R.L.-9-49  mentioned  previously  in  this  section.  The  viscosity 
pix>pertle8  of  these  oils  are  svismarized  in  Table  97. 

Table  9? 


i'AOPEBnJiS  UP  NON-NEk/fONIAN  TiSST  FLUIDS  FOE  NACA  J0U?1\'AL  BSARIN-l  TESTS 


PRL  Designation 

Polymer  Gone.,  Wt.jb 

Polymer  Mol.  V»t. 

PRL  3375 

PRL  3374 

5.1 

160 

PRL  -3373 
11.1 

25 

Centlstoke  Viscosity 
at  210*F. 

5.24 

9.14 

8.39 

at  100“F. 

33.1 

33.2 

33.4 

ASTM  Slope  (210«  to  lOO^F.) 

0.762 

0.480 

0.521 

Centlstoke  Vise,  at  100 *F.  and 

0 sec.-l  shear 

33.1 

33.2 

33.4 

100,000  sec.”l  shear 

33.1 

25.7 

29.6 

250,000  sec.-l  shear 

33.1 

22.7 

27.2 

500,000  sec.-l  she-- 

33.1 

20.5 

25.3 

1^000,000  sec."*^  shear 

33.1 

18.3 

23.4 

These  fluids  have  now  been  evaluated  by  the  NACA  project  at 
Ciomell  University  in  a Journal  bearing  tester.  The  evaluation  includes 
friction  studies  and  film  thickness,  or  eccentricity  ratio.  Eccentricity 
ratio  refers  to  the  displacement  of  the  journal  from  the  center  of  the 
bearing  by  increasing  the  load  or  by  using  a Dower  viscosity  lubricant. 

The  used  samples  of  PRL  3373,  PRL  3374  and  PRL  3375  have  been  returned 
to  this  Laboratory  for  tests  to  detenoiiie  any  significant  property  changes 
such  as  contamination  or  permanent  viscosity  decrease  due  to  shear.  The 
used  samples  have  been  evaluated  and  show  essentially  no  signs  of  contami- 
nation, oxidative  deterioration,  or  permanent  viscosity  decrease  due  to 
shear. 


The  test  results  reported  by  Cornell  University  are  veiV 
interesting.  It  can  be  noted  from  the  viscosity  data  on  Table  97  that 
all  three  fluids  are  matched  in  viscosity  at  100®F.  The  major  difference 
betweer.  the  fluids  is  the  effective  viscosity  under  high  rates  of  sheer. 
Test  results  are  reported  in  Pixtgreas  Report  No.  9 (Revised)  on  Bearing 
Friction  and  Eccentricity  Tests  of  Non-Newtonian  Oil  by  H.  B.  BuBois, 

F.  W.  Ocvlrk,  and  E.  L.  Wehe  under  NAUa  Contract  NAw-6l97.  Tnese  results 
show  that  friction  values  are  reduced  as  much  as  40  per  cent  for  PRL  3574 
as  caapared  w5'h  PiiL  3375.  Similarly,  friction  values  for  PRL  3373  are 
as  such  as  7b  to  JO  per  cent  lower  than  for  PRL  3375.  These  roBulc,s  arc 
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in  agreeaent  with  the  effective  viscosity  values  at  nigh  shear  rates. 


Tne  study  of  file  thickness  on  the  bearing,  or  the  eccentricity 
ratio,  revealed  that  tne  eccentricity  ratio  is  essentially  the  sssie  vdth- 
in  the  limits  of  error  for  all  three  oils  tested.  Since  film  thickness 
is  al.,c  a f-jnetiO!.  v:  visc^‘sity,  these  results  are  not  p:*edicted  by 
effective  viscosities  at  high  rates  of  shear.  These  film  thickness  res’ilts 
appear  .o  follow  the  low  shear  viscosicy  values.  In  other  words,  the  use 
c;’  a non  Nc^rtc^ian  oil  such  as  rSL  5574  «ippcai&  to  provide  a substantial 
reduction  in  friction  for  no  sacrifice  in  load  carrying  capacity  over  a 
hevrtcnic  - oil  of  one  same  viscosity  value.  This  aspect  of  nor.-Newtonian 
oils  do'^'.eo  furth'*"  consideration  and  study. 

F.  UW  TSMPSHATuHS  VTSCOSITY  STAKDARD.  Tl.is  Laboratory  has 
distributed  a four-oucce  sample  of  PHI  311  low  teraporatxire  viscosity 
standard  to  each  of  the  fcHo-dng  organizations.  PRL  2S15  is  calibrated 
as  a star.dard  for  viscosity  detensinatienc  at  -f.0*?.  and  -b5*F»  The 
primary  purpose  of  this  standard  is  tne  establishaent  of  a coaron 
temperature  scale  ior  viscosity  detertainations  at  these  low  temperatures. 

Kr.  L.  Van  Volkinbur^g 
Dew-Corning  Corporation 
KidXa.nd,  Michigan 

Hr.  S.  L.  Vood 

Department  of  the  Army,  Springfield  Aroory 
Springfield  1,  Massachusetts 

Dr.  A.  J«  Barry 

Research  Department,  Dow-Coming  Corporation 
Midland,  Michigan 

Dr.  T.  W,  Mastin 

Research  Departxsent,  The  Lubrlzol  Corporation 
Cleveland  17,  CHiio 

Kr.  H.  P,  Deoerjiein 
Baker  Castor  Oil  Company 
”A” 

Bayonne,  Kew  Jersey 

Hr.  W.  D.  Thomas  (2  samples) 

Southwest  Research  Institute 
San  Antordo  6,  Texas 

Deecy  Products  Co. 

Cambridge,  Massachusetts 


Kr.  '■!.  t*.  LeRoy 
Vickers  inc. 

1400  Oakman  Blvd. 
Detroit  32,  Mich. 
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Ford  Motor  Co. 

Quality  Laboratozy 
Production  Offices 
Gate  Ui  Kouge  Plant 
Dearborn,  Mich. 

G.  SAMPL^  DISTRIBUTED  AT  THii  REQUEST  OF  WADC.  The  Wright  Air 
.development  Center  (WADC)  has  requested  that  this  Laboratory  furnish  the 
fol2.v>nr.g  mster.^t.ls  to  the  organizations  indicated. 

A one-owice  sample  of  calcium  cetyl  phenate  was  sent  to  Dr. 

A.  J.  Barry,  Research  Department,  Dow-Cornlng  Corporation,  Midland, 
Michigan.  This  is  the  material  used  as  a metal  deactivator  in  PRL  3209 
type  non-inf lamnable  fluid. 

A one-ounce  sample  of  Hercoflex  600  (a  pentaer^thritol  type 
ester)  was  sent  to  Mr.  Robert  Paige,  Boeing  Aircraft  Company,  Seattle, 
Washington. 


A 200  ml.  sample  of  tetralin  has  been  sent  to  the  Wright  Air 
Development  Center,  Materials  Laboratory,  WCRTRr-1,  addressed  to  the 
attention  of  Capt.  J.  O'Brien. 

One  gallon  each  of  flxiids  MLO  7008  and  MLO  7009  has  been 
furnished  to  the  Wright  Air  Development  Center  (WADC).  MLO  7008  is  a 
PRL  3209  type  non-inf  lamnable  *.tvdd  prepared  without  the  polymer- 
thickening  agent.  MLO  7X9  is  the  ethyldibromobcnzcnc  baoc  stock  used 
in  the  formulation  of  PRL  3209  non-inflammable  flu.^d. 

A two-gallon  sample  of  MLO  7010  synthetic  Jet  engine  oil 
containing  dlisopropyl  acid  phosphite  has  been  sent  to  the  Widght  Air 
Development  Center  for  evaluation. 

The  following  quantities  of  experimental  jet  engine  oils 
were  sent  to  Mr,  A.  Hundei-e,  Southwest  Research  Institute,  8500  Culebra 
Road,  San  Antonio,  Texas. 

10  gal.  PRL  3161 

2 gal.  GTO  16 

2 gal.  GTO  17 

2 gal.  PRL  3313 

One  gallon  of  an  ethyldibrcHnobcnzcnc-basc  hj’draulic  fluid 
(PRL  3339)  wae  sent.to  Capt.  Bradley  F.  Bennett,  Bureau  of  Ships. 

Navy  Department,  Washington  25,  D.  C 

A one-pint  sample  of  each  of  tv/o  fluids  suitable  for  inter- 
laboratory  calibration  of  the  Shell  four-ball  wear  tester  has  been  sent 
to  Mr.  D.  H.  Moreton,  Douglas  Aircraft  Company,  Santa  Monica,  California. 
These  fluids  arc  designated  as  PRL  33)7  and  PRL  3462.  They  represent  a 
good  no^additive  lubricant  and  a lubrlcaist  with  a good  anti-wear  additive 
respectively.  Tne  cc^nponitlono  .-uid  Droportieo  of  these  fluids  are  p.iven  * 
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in  report  P&L  5.3-Sep53> 

H.  DISTRIBUTKai  OF  REPORTS.  The  following  reports  have  been 
(iistrlbuted  to  the  organizations  Indicated  during  the  period  covered  by 
this  report.  The  distrloutjon  of  these  reports  has  been  at  the  request 
of  eith»>r  the  Haterials  Laboratoiy,  Wright  Air  DevelopDient  Center  or  the 
Qiief  of  Bureau  of  Ordnance,  Department  of  the  Navy, 

One  copy  of  report  PRL  106 entitled  "Apparatus  and  Procedure 
for  the  i-i-enalnati''»'  of  Low-Temperature  Viscosities"  dateri  February  6, 
1945  has  ^len  sent  tw  each  of  the  following  organizations. 

Mr.  John  Mathe 

Celanese  Product  Developaent  Laboratory 
Simmltj  New  Jersey 

Mr.  G.  C.  Vickery 
Ilaker  Castor  Oil  Company 
40  Avenue  "A" 

Bayonne,  New  Jersey 


Mr.  W.  C.  Thomas 
Southwest  Research  Institute 
$500  Culebra  Road 
San  Antonio,  Texas 

Mnery  Industries,  Inc. 

Control  Laboratories 
Cincinnati  2,  Ohio 
Attn:  Mr.  R.  H.  Dreyer 

One  copy  of  report  P,R.L.-4-52  entitled  "Wear  and  Lubrication 
Characteristics  of  Some  Ml>*eral  Oil  and  Synthetic  Lubricants"  has  been 
loaned  to  Mr.  C.  W.  Sauter,  Western  Gear  Works,  l^nnwood,  California. 

It  was  indicated  that  this  report  was  to  be  used  in  connection  with  a 
Wright  Air  Development  Center  contract.  Report  P.R.L.-4-’52  is  a thesis 
prepared  by  Gr.  B.  E.  Klaus  apart  from  the  woiic  carried  out  under 
Contract  AF33 (038)18193 . 

Pour  copies  of  report  P,R.L.-2-53  entitlsa  "The  Interrelation 
of  Lubidcants  and  Metals  of  Construction"  and  dated  irebruary  27,  1953 
have  been  sent  to  the  Library  of  Congress,  ASTIA  Reference  Center, 
Washington  25,  D.  C. 

One  copy  of  report  PRL  3.46-Apr49  entitled  "Viscous  Damping 
Fluids*  and  dated  April  14,  1949  has  been  sent  to  tho  Bell  Airciaft 
Corporation,  Buffalo  5,  New  York. 

One  copy  of  report  P.R.L.-3-53  entitled  "Liquid  Phase  Oxida- 
tion of  Dibasic  Acid  Esters'*  has  been  sent  to  each  of  the  following 
Service  organizations.  Report  ?.R.L.-3~53  is  a thesis  prepared  by 
Hr.  N.  E.  Shirk  opart  froTJ  work  carried  out  under  Contract  AF33  ((>30)18193. 


Kr,  J.  C.  Hosteller 
Wright  Air  Dev*»3opcient  Center 
Materials  Laboratory,  VfCRTR-3 
Wright-P&tterser.  Air  Force  Base,  Ohio 

Chief  of  Bureau  of  Aeronautics 
Department  of  the  Navy 
Squipcsent  and  Materials  Branch 
Sigineoring  Divisicn 
nasldngtcn  25 j 

Chief  of  Bureau  of  Ordnance 
Departaent  ci  the  Navy 
Washington  25»  C. 

One  copy  of  report  PEL  6.3-Pec53  entitled  "Some  Properties  of 
Spec  HIL-O-5606  Hydraulic  Fluid  at  Elevated  Tssperitures**  has  been  sent 
to  Bmdix  Products  Di-nsion,  Eoadix  Aviation  Corporation,  South  Bend  aO, 
Ind. 
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This  report  has  been  prepared  by  the  PetroDeua 
Seflixing  Laboratory  of  the  College  of  Cheaistry  and  Physics 
at  the  Pennsylvania  State  University  under  Air  Forcu 
Contract  A?33 (038)18193.  Mr.  J.  C.  Hosteller,  Materials 
Laboratory,  W2TI0,  Engineering  Division,  Wright  Air 
Developeent  Center  is  the  Acting  Project  Engineer  for 
this  work. 


Besearcn  worx  for  the  Air  Force  on  Fluids, 
Lubricants,  Fuels  and  ted  Materials  by  this 
Laboratory  has  been  a continuous  project  since  March 
1941.  Ihe  wjtk  free  March  19A1  to  July  1945 
conducts  under  Haticnal  Defense  Research  CcssLttee 
Contract  03(sr403.  Ksi«c  Crea  July  194?  to  October  1951 
was  conducted  under  liavy  Contract  NOrd  7958(DK 
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SOS  PROPiSTISS  OF  i>P5C.  MIL-0-5606  HYDRAULIC  FLUID 
iT  SISVATi®  TaMFSRATURSS 


Sxrrs&rv.  Al  the  request  of  the  Materials  Laboratory,  >KJR‘IR-3 
cr  the  frdght  Air  Develcpaerit  Center,  this  Laboratory  has  assayed  in  the 
laboratc-y  scae  of  the  asre  isportant  properties  of  Spec.  HIL-0-5606 
hydraulic  fluids  ai  elevated  teoperaturcs.  These  properties  are 
srrssarlzed  as  a f'-i.-wion  of  teaperature  on  Twb)e  1 

Volatility  is  an  important  property  in  high  tcspjraturc  appli- 
cations of  Spec.  KIL-O-5606  fluids.  Three  characteristics  in  hydrarAic 
^stea  applications,  directly  related  to  the  fluid's  volatility,  are: 

(1)  vapor  pressure,  (2)  inflamability,  and  (3)  residual  film  femation 
due  to  evaporation.  Tne  upper  ludt  of  usefulness  in  a hydraulic  ^stea 
pressurized  to  one  atmosphere  would  be  of  the  ordr  of  500*?.,  which  is 
the  initial  boiling  point  of  a typical  Spec.  MIL-  S6C6  fluid  at  one 
atmosphere  pressure.  The  flash  noint  of  a typic*-  vpec.  MiL-^5606  fltiid 
is  atx)td,  220*?.,  which  is  approxinately  equal  t''  -i  boiling  point  of  the 
fluid  at  10  na.  Hg.  Tne  spontaneous  ignition  teaperature  of  the  fluid 
is  of  the  order  of  500*F.  Probleas  of  tacky  fiLas  arising  froa  the 
extensive  evaperaticr.  of  e:qposed  thin  files  of  Spec.  MIL-O-56O6  fluids 
are  related  both  to  tii&e  and  tet^rature.  Undesirable  tacky  files 
appear  after  about  L to  6 hours  e:q>osure  at  2fX)*F.  without  fluid 
scavenging.  Control  of  tacky  filsic>  is  prirsapily  a function  of  ^stea 
design. 


The  viscosity-tcaperaturc  characteristics  of  opec.  MII-O-56O6 
fluid  are  good.  Fxap  tests  in  cosaercial  Vickers  3>000  p.s.i.  piston 
pi^s  indicate  that  the  viscosity  level  is  adequate  for  successful 
operation  over  the  entire  range  of  -65*  to  ♦500*P.  Lubricity  studies 
show  that  the  fluid  has  adequate  lubricating  properties  for  hydraulic 
picps  over  this  same  t€S5>crature  range . Volatility  i;  orobably  the 
Halting  factor  in  high  tcaperature  oxcp  operation.  It  appears  that 
fluid  volatility  say  increase  wear  in  pxsps  operating  a.z  teoperatuxes 
above  LCO*r. 

The  theraaj  stability  of  typical  Spec.  HlL-O-5b06  hydraxiiic 
fluids  is  excellent  up  to  500*F.  In  the  temperature  range  of  450*  to 
500*F.  there  is  some  viscosity  decrease  due  to  thermal  depolyaerization 
of  the  polyaexlc  thickener.  There  is,  however,  no  evidence  of  volatile 
}.rod(.ct  fonnation,  or  of  thermal  decoaposition  products  which  are 
deleterious  to  the  fluid's  use  or  to  overall  iluid  stability. 

Tne  oxidation  behavior  and  stability  are  among  the  cost 
important  items  in  appraising  the  nigh  te^)erature  characteristics  o'* 
Spec.  Miir-u-5cC6  hydraulic  fluid.  Ihe  decrease  with  temperature  in 
the  fluid's  induction  period,  or  stable  life  during  oxidation,  is  illu- 
strated i Table  1.  At  elevated  txaperatures  where  the  stable  lifo  cf 
the  fluid  ic  very  short  and  at  lower  temperatures  Wiien  the  stable  life 
is  exceeded,  the  oxidative  deterioration  beecces  a function  cf  the  amount 
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of  cxygen  or  air  in  contact  witn  fliud  ^na  on  the  intinacy  of  this 
airfoil  cwitact.  The  data  indicate  that  a Spec.  MIL-0-5606  fluid  can 
toIeraLfc  the  assiailation  of  2odei<ita  quantities  of  casygen  at  elevated 
temperatures  without  excessive  deterioration  of  the  fluid  or  trouble- 
soae  corrosion  of  aetals.  It  raay  oe  desirable,  therefore,  to  pressurize 
witl.  nitrogen,  cr  seal  with  a diaphrs^,  hydraulic  sjzzsls  designed  to 
have  a biUk  oil  teaperature  in  excess  of  aoout  iaX)*F. 

v/ii  t*“'  nge  inter*'als  in  a closed  §ystea*  of  tnis  type  ccuid  be 
sctciuied  to  appi'  daiate  the  stable  life  of  the  ixuid  nlus  the  tiise  of 
operation  during  which  the  air  leakage  or  entrainaent  in^c  the  fluid  is 
estlsated  to  be  100  to  200  cubic  feet  (at  32*F.  and  ?60  cc.  Hg)  per  five 
gallons  of  oil.  It  is  believed  that  the  assimilation  by  tne  fluid  of 
the  ojQ'gen  in  bOO  to  1,000  cubic  feet  of  air  per  five  gallons  of  fluid 
can  be  tolerated  without  causing  the  averse  hydraulic  systen  to  beccso 
..noperative  free  the  standpoint  of  oxidaiive  delerloraticn.^ 


In  accelerated  laboratory  tests  copper,  copper  alloys,  and 
Silver  cause  a reduction  of  about  50  cent  ir.  the  stable  life  of  a 
typical  Spec.  MIL-0-5606  fluid  at  300*F.  These  setals  are  the  nost 
effective  of  those  evaluated  in  this  study  in  causing  a decrease  in 
the  fl^dd's  stable  life.  The  fluid*s  stable  life  is  the  tLse  interval 
(hours)  during  which  aQ'gcn  is  not  significantly  absorbed,  or  assisilated, 
by  the  fluid  even  though  there  is  available  asple  oxygen  and  co^gen-oil 
contact.  It  is  believed  that  'ne  of  the  netals  evaluated  in  this  stjuy 
should  be  excluded  f>*y>  a^rr-^ft  hydraulic  systecss  using  Spec.  H1L-0-56C6 
fl’uid  solely  on  the  basis  of  tneir  catalytic  effect?  in  accelerating 
oxidation. 


A high  quality  Spec.  Mll/^56C6  1^'draulic  fluid  does  not 
rcrivde  cetals  non-ally  used  in  nydraulic  ^sceas.  it  has  been  e^ablished 
that  a typical  Spec.  MiL-0-i6o6  fluid  in  a state  of  incipient  oxidation 
does  not  corrode  copper,  aiisdnxca,  and  steel  at  500*?.  >.  the  basis  of 

lew  t^aperaturc  (250*?.)  tests  it  is  suggested  that  caduica  plate  be 
eliainatea  frese  hydraulic  ^/stcas.  High  tesperature  cncidation  and  corro- 
sion teste  indicate  that  it  would  be  desirable  to  elixtinate  sagnesius  frea 
hydraulic  ^steas  where  teaperaturcs  cf  25C*F.  cr  greater  exist  or  are 
predicted,  or  where  the  fluid  will  be  used  to  the  point  of  incipiert 
oxidation.  This  applies  primarily  to  closed  hydraulic  syste^o  'm^zre 
oxidized  picc-ucts  Including  water  «111  be  in  inticate  contact  witn  the 
setals  of  construction. 

A nissber  cf  sisceliancous  physical  properties  have  been  in- 
cluded in  this  report  pr-sarily  for  use  in  design  ai.u  ei.gi.*.corii:^ 
calculali<xic.  These  properties  incl-ude:  specific  heat,  thercAl  con- 
ductivity, bulk  Budulus  of  elasticity  as  a function  of  teeperature, 
density  as  a functicn  cf  tcspeiature,  cuoical  coefficient  of  expansion, 
and  viscosity  as  a function  of  tenperaturs  and  pressure. 

in  general,  Inese  studies  show  tnat  a bi^  quality  Spec. 
MIl--0-560t  fluid  exhibits  gooc.  iveral3  stability  at  tenperatures  up  to 
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500*F.  ureJer  a variety  of  conditions.  It  should  be  esipl.asized  that  the 
quality  of  tne  Spec.  MIL-O-5606  fluid  used  In  this  study  in  teras  of 
oxidation  and  corrosion  stability,  ir  partic'olar,  is  better  by  at  least 
a faettr  of  tvo  than  the  ninin^sa  qu<tliiy  fluid  guaranteed  by  the  Spcci- 
ficdtioi*.  The  foiauiation  of  s»rc  specific  iisi-tations  vdil  require  the 
testing  of  acuuisi  "vrtrstulic  syouta  wt.*^pc.ient3  and  current  Spec.  KIL-O-56O0 
fluids. 


Appendi"*^  A 


SCHS  PROPfiHllSS  OF  SP£C.  yaL-0-5606  ffiTDRAUUC  FLUI*) 
AT  SISVAT2)  '^SMPSRAIuRES 


I^»troduction.  The  Wright  Air  Developoent  Center  requested 
that  this  Laboratory  evaluate  the  properties  of  Spec.  KlL-0-5^06  hydraulic 
ri,.ia  Sv  'levatod  tenperatures.  Spec.  HTi/-O-5606  hydraulic  fluid  has 
been  -vcr  the  »'cst  10  years  as  the  aircraft  nydraulii,  aIoxu  b.'  the 
U.S.  Ai  - force  and  tar  British  ai^  Canadian  Air  Forces.  Inoications 
are  that  Spec.  KIL-0-5606  hydrocarbon-base  hydraulic  fluids  have  perfojwed 
catisfactonly  in  a wide  variety  of  uses  over  this  period.  The  bulk  of 
the  data  on  the  behavior  of  this  hydraulic  fluid  has  been  obtained  frtsa 
use  in  conventional  World  War  II  piston  engine  aircraft. 

Current  develcpocnts  in  aircraft  place  err^hasis  on  higher 
speeds  and,  therefore,  J^gher  aabient  teaperatuies  tfhich  result  in 
idgher  hydraulic  systea  tes?>eratures.  The  hydrai:lic  ^stea  teaperature 
problsa  is  inUnilfied  in  scfec  cases  by  the  proxiaity  of  hydraulic  lines 
to  the  cccbuoticr.  cLssbcr  and  to  the  exhaust  of  turbine  engines.  With 
current  eaphasis  on  higher  hydraulic  systco  teaperatures,  a study  of 
scae  of  the  practical  ILhitations,  tesperature-vlse,  of  Spec.  XIL>0-5606 
hydraulic  fluid  is  of  particular  interest.  Kany  of  the  data  pertinent 
tc  a high  ter^rature  study  of  Spec.  niL-t>-^606  hydraulic  fluid  had  been 
obtained  and  discussed  in  reports  contracts  prtor  to  Contract 
A?35(038)iBi93«  These  data  along  with  current  data  a^e  preset.*  .»d  in 
this  report. 

Spec.  KII/-O-5606,  and  earlier  editions  of  this  s.-c-e  sporlfi- 
cacion  (Spec,  AK-O-loo  and  Spec.  w-VVlO-366b),  are  used  interchange- 
ably in  this  report  except  in  discussions  on  wear  and  lubrication.  Spec. 
MIL-O-5606  and  Spec.  AN-0-366  fluids  contain  tricre^l  phosphate  as  the 
anti-wear  additive  ><hiie  Spec.  AH-yV-0-366b  fluid  does  not  centiin  a 
lubricity  auditive.  For  this  reason  any  lubrication  st'Jdies  discussed 
are  for  che  flxiid  containing  the  tricre^i  phosphate. 

Volatility.  The  volatility  of  Spec.  MiL-0-56C6  hydraulic 
fluid  is  one  of  the  iaportant  properties  detenaining  its  high  te^>era- 
ture  behavior.  Tnree  itess  in  hydraulic  ^stes  applications,  related 
directly  to  volatility,  arc  (1)  vapor  prcssxure,  (2)  inflamability, 
and  (3)  residixal  filn  formation  due  to  eva  oration. 

A typical  Spec,  HIL-O-56O6  hydraulic  fluid  is  a blend  coa- 
orisine  a sineral  oil  base  s+oA-  a less  volatile  sdnersl  ''il  ss  the 
anti-tack  cc»ponent,  a pclynerlc  additive  ('/iscosity  index  iaprover), 
an  oxidation  ana  corrosion  inhibitor,  and  an  anti-wear  or  lubricity 
sdditive.  The  nincral  oil  base  stock  constitutes  the  aajor  portion  of 
the  hydrsuHc  fluid.  This  aineral  oil  base  stock  is  also  the  aost 
volatile  ccQponent  of -the  fluia.  Accordingly,  it  detemines  tne  general 
volatility  level  of  the  fluid.  The  Spec.  KIL-O-56O6  requireaents  place 
■:onsiderable  restrictions  on  the  volatility  of  the  mineral  oil  base  stock. 


WACC  TK  55-30  ?t  3 


- 256  - 


Appendix  A 


Thus^  the  volatility  characteristics  of  a typical  comuerclally^preparod 
fluid  meeting  the  i^’eoification  can  be  considered  to  be  of  the  same 
order  of  magnitude  for  any  coomercial  Spec.  MIXr-0-5606  flu.id. 

The  vapor  pressure-temperature  relationship  for  a typical 
Spec.  Kllr-O-5606  type  fluid  is  shovm  on  Table  2 and  Figure  1.  These 
data  show  that  this  fluid  has  a vapor  pressure  of  approximately  3 mm. 

200*F.  and  38  ma.  Hg  at  300*F.  Expressing  these  vapor  pressui’o 
data  ;in  another  way,  the  fluid  would  begi.*  to  boil  at  500“F.  and 

atucspheri.c  press’.'re  at  sea  level.  Boiling  would  begin  in  an  unpressur- 
ized. system  at  375*F.  and  at  an  altitude  of  40,000  ft.  (I40  nm.  Hg 
absolute  pressure).  Currently,  pressurized  hydraulic  systems  are  being 
considered.  On  the  basis  of  vapor  pressxure,  a maiimuni  temperature  of 
about  300*F.  could  be  tolerated  in  a hydraulic  system  pressured  to 
760  ma.  The  data  shown  on  Table  1 Indicate  about  a 20*F.  spread  between 
the  initial  boiling  point  and  the  20  per  cent  dlstlllaiicn  point.  This 
is  typical  of  the  narrow  boiling  fractions  comnonly  used  as  a base 
stock  for  Spec.  MIL-O-5606  hydraulic  fluid.  Values  of  vapor  pressure, 
or  boiling  point,  interaediate  to  those  shown  on  Table  1 can  be  obtained 
from  the  graph  of  the  logarithm  of  absolute  pressure  versus  the  logarithm 
of  the  tenperatxuv  as  shown  on  Figure  1. 

The  volatility  of  mineral  oils  and  most  ^thetlc  lubricants  is 
closely  related  to  inflammability  properties  as  revealed  by  the  open 
cup  flash  and  fire  points.  The  Spec.  MILr-0-56o6  limit  or.  flash  point 
is  200*F.  The  flash  point  for  the  sample  \ised  to  obtain  the  vapor 
pressure  data  shown  on  Table  2 is  230*F. 

The  relationship  between  flash  point,  fire  point,  and  vapor 
pressure  is  sbotm  on  Figure  2.  These  data  include  narrow  belling 
mineral  oil  fractions  and  seme  dibasic  acid  esters.  There  is  relatively 
good  correlation  between  the  Cleveland  open  cup  fire  point  and  the  initial 
Cottrell  boiling  point,  or  the  10  per  cent  distillation  point  >dien 
converted  to  10  mn.  Hg  absolute  pressure.  The  fire  point  is  slightly 
lower  than  the  10  mm.  Kg  bolli*ig  point  for  values  above  400"F.  The 
correlation  is  good  in  the  200*  to  400*F.  region  which  Includes  the 
volatility  range  of  Spec.  MIL-O--5606  hydraulic  fluid.  The  data  on 
Figure  2 also  show,  for  these  narrow  boiling  mineral  oil  fractions  and 
esters,  tti&t  the  spread  between  the  open  cup  flash  point  and  the  fire 
point  is  about  10*F.  per  100*F. 

Thin  Film  Evaporation.  Evaporation  of  the  base  stock  from 
thin  films  of  Spec.  MIL-O-56O0  flxiid  results  in  concentrating  the 
pclymerlc  additive  in  the  residual  film,  Excesnive  base  stork  Rvanorn- 
tlon  gives  a tacky  or  sticky  film.  A high  boiling  component  is  added 
to  the  bulk  of  the  mineral  oil  base  stock  as  an  anti-tack  component 
to  control  the  properties  of  the  films  loft  aftwr  extonoi^'e  evaporation. 
Problems  in  the  hydraulic  system  due  to  excessive  evaporation  could  exist 
In  portions  of  the  syotem  which  are  wetted  with  oil  during  operation,  but 
which  are  not  filled  with  oil  during  chut  down  periods  and  are  open,  or 
have  accei>3  to  substantial  cu;iount3  of  circulating  air.  Severe  film 
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Figure  1 

VAPOR  PRRSSURS-T£MP£RATUR£  R£LATiO»SUIP£3  FOR  SPEC.  AN-W-K)-36(}b 

HYDRAULIC  FLUID 

TEST  ruiO:  PflL  1912  > TVPiCAi.  CONNCSCIALLy-PREPARCO  SPEC.  NIL-O-3606  TYPf  F'.UIC. 


A - INITiAL  aOlliNS  POINT  DATA  OBTAIICO  ON  A NEW  SAMPLE. 

O • 2011  OISTiLLATION  POINT  OATA  OBTAINED  ON  SAMPLE  AFTER  OISTILLING  OFF  20 
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Figure  2 

CORBSUTION  OF  COITBELL  BOILINO  POINT,  FLASH  AND  FIRE  POINTS,  AND 
DISTILUTION  TEMPERATURE  OF  VARIOUS  LIQUIDS 


Flash  and  Fire  Point,  •?. 
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tackiness  in  thcss  p^iticus  of  a hydraulic  systea  could  lead  to  c-al- 
functioning  of  close  clearance  parts  such  as  valves.  This  ic  strictly 
an  evaporsLion  pnencconon,  and  if  the  systea  is  closed,  or  other*d5e 
ar.’anged  so  that  evaporation  is  mininized,  then  these  probl^s  of  thin 
fil.1  ta^'kiness  do  not  arise. 
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Tnis  Laboratory  developed  a quantitative  neasure  of  evapora- 
♦^icn  «nd  Lackincss  of  thin  filns  of  hydraulic  fluid.  This  technique 
has  t' apcllc.-'.  ic  both  Spec  KiL-0-5^C6  and  Scec.  5'-F-'21  (Navy) 
hycr<»alic  fluids.  Ti^o  distinct  operations  are  involved  in  the  evapora- 
tion test.  These  cechniques  are  described  briefly  in  tne  follovdng 
paragraphs.  A acre  coaplete  description  of  these  tests  is  given  in 
Formal  Report  Hu.  11  to  the  ilaticnal  Defense  Research  Comalttee  dated 
March  1,  19A6,  pages  41  to  67. 

The  first  portion  of  the  test  cocprises  evaporating  a thin 
fils.  A one  zdlliaeter  thick  fluid  film  is  evat»ratea  for  80  hours 
a flat  steel  cup  at  an  oil  film  temperature  of  190*F.  Tne  evaporation 
cup  rests  cn  the  bottom  of  a glass  beaker  nhich  is  i^^roersed  in  a 
constant  temperature  oil  bath.  Dry  air  at  the  rate  of  5 liters  per  hour 
is  passed  over  the  surface  of  the  oil  film.  At  regular  intervals  the 
steel  cups  are  removed  fnaa  the  bath  and  weighed  on  an  analytical 
balance.  The  weight  per  cent  oil  evaporated  can  be  determined  from  the 
weight  change.  The  evaporation  characteristics  cf  each  oil  can  then 
oe  represented  by  a curve  of  total  weight  per  cent  evaporation  versus 
time. 


An  80  hour  test  period  is  sc.ployed  as  a reference  point.  At 
the  end  of  this  period  most  of  the  core  volatile  components  of  tne  base 
stock  of  a typical  Spec,  HIli-0-5606  fluid  have  evaporated,  and  the  rate 
of  evaporation  h'xs  reached  a slow  or  negligible  rate.  This  appears  to 
be  a desirable  point  at  which  to  compare  weight  per  cent  evaporated  and 
film  tackir.ess. 

The  second  portion  of  the  evaporation  test  cocprises  a simple 
vacuum  distillation  of  a portion  of  test  fluid.  The  vacuua  distillation 
is  carried  to  the  sane  value  of  weight  per  cent  distilled  as  the  value 
of  weight  per  cent  evaporation  notea  in  tne  first  portion  tl  the  test. 
Tne  temperature  of  the  vacuum  distillation  is  kept  belov  /.OO^F.  to 
prevent  any  viscosity  cnanges  due  to  thermal  decomposition  or  cracking. 
The  p*r)Fcrties  of  the  residue  frea  the  distillation  are  th«»n  considered 
to  represent  or  ^j-pify  the  residue  free  the  SO  hour  evaporation  test. 

The  lOO^F.  viscosity  oi  tne  distillation  residue  i;>  determined. 
viscosity  is  considered  to  be  2>j^roxiDatel>  equal  to  the  viscosity  of 
the  oil  film  after  SO  hoars'  evaporation  in  the  s^eel  cup.  It  is 
believed  that  viscosity  is  the  property  that  relates  most  closely  to 
film  tackiness. 


A complete  discu«*sion  of  the  above  test  techniques  for 
measuring  tackiness  on  a quantitative  basis  is  in  Report  RiL  3.4-Sep45 
entitled  "PRSPAKATIOH  iff  oPaClrlCATloH  O.S,  2943  HiIv^bLiC  FLUIDS 
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IMPHO’/SD  TACKINRSS  CHARACTERISTICS"  ana  dated  September  27,  1945.  Report 
PR].  106. 11,  June  1945  entitled  "SPECIF! CATIOf]  AN-W-0-366b  HYDRAULIC 
FLUIDS  WITH  IMPRO’.’ED  TACKL'IESS  OHARACTEKISTICS " describes  the  improve- 
ments that  can  be  made  in  the  tackliiess,  or  residual  film  viscosity,  by 
using  me.  re  effective  anti-tack  components  of  the  dibasic  acid  ester 
type.  T.ie  improvements  discussed  in  these  previous  reports  have  been 
achieved  vrithout  altering  the  overall  specification  limits  on  fluid 
propertiet  vdth  the  possible  exception  of  slight  increases  in  rubber 

E’.'aporatiu/.  characteristics  for  typical  Spec.  IV-  -0- ^(.06  base 
stock  components  are  snown  on  Figure  j.  These  data  clearly  indicate 
that  the  thin  film  evaporation  rates  at  temperatures  of  190“?.  and  higher 
are  rapid  for  the  bulk  base  stock  (Winkler  base  oil)  and  still  appreciable 
for  the  anti- tack  component  (Voltesso  36)  of  a good  quality  Spec. 

MlL-O-5606  fluid.  Evaporation  data  for  a typical  dibasic  acid  ester  (di-2- 
ethylhejiyl  sebacate)  in  the  same  viscosity  grade  as  the  mineral  oil 
anti -tack  component  (Voltesso  36)  are  shown  as  a basis  of  comparison. 

Evaporation  data  for  four  commercial  Spec.  AN-W-0-366b  fl;iids 
are  shown  on  Figure  4.  Composition,  evaporation,  and  film  viscosity  data 
for  the  fluids  shown  on  Figure  4 are  tabulated  on  Table  3.  The  film 
viscosity  illustrates  the  I'elative  tackiness  of  the  residual  films  after 
evaporation  much  more  effectively  than  data  showing  simply  weight  per 
cent  evaporation.  These  data  indicate  that  there  was  considerable 
variation  in  the  evaporation  and  tackiness  characteidstics  of  commercial 
Spec.  AN-VV-0-366b  hydraulic  flui*’  . These  fluids  were  formulated  In 
1944.  It  is  of  interest  to  note,  however,  that  the  requirements  on 
evaporation  and  tackiness  in  the  current  Spec.  MIL-0- 56O6  are  the  same 
as  those  in  Spec.  AN-W-0-366b.  A range  in  film  viscosity  similar  to 
that  illustrated  on  Table  3 would  be  anticipated  from  current  commercial 
Spec.  MIL-0- 5606  fluids. 

As  hydraulic  system  temperatures  increase,  it  may  be  desirable 
to  consider  placing  more  restrictive  limits  on  evaporation  and  tackiness. 
Current  limits  in  tne  specification  are  based  on  a touch  test. 

Viscosit y-Tempsrature  Characteristics.  A complete  viscosity- 

temperature  curve  for  a typical  Spec.  MIL-O-56O0  hydraulic  fluid  (PRL 
2883)  for  the  range  of  -65®F.  to  ♦300*F.  has  been  experimentally  deter- 
mined end  is  shown  in  Figure  5.  PPL  2883  is  a typical  commercial  Spec. 
KTL-O-5606  hydraulic  fluid  prepared  by  the  Standard  Oil  Company  of 
New  Jersey.  The  fluid  has  a viscosity  of  2.98  centistokes  at  298"F.  and 
2,000  centistokes  at  -65"F.  Mineral  oils,  in  general,  appear  as 
straight  lines  on  the  ASTM  viscosity-temperatiire  chart.  However,  fluids 
of  the  Spec.  MILO-5606  type  exhibit  a slight  curvature  at  temperatures 
below  about  0“F.  which- leads  to  hlghe  • values  than  predicted  from  a 
straight  line  extrapolation  in  this  low  temperature  region.  The  high 
temperature  viccoslty  values  nave  been  pi-edicted  to  450*f . by  a straight 
line  extrapolation  from  the  210“  and  298*F.  measured  values. 
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P’ig’ore  3 

EVAPORATION  CHARACTERISTICS  OF  SPEC.  MIL-O-56O6  TIPE  COMPOSITIONS 
AT  A TEMPERATURE  QF  190<»F.  AND  AN  INITIAL  FIIM  THICKNESS  OF  1.00  MM. 


Winkler  Base 
«0-OiX 


65  Wt  .5{  Winkl  er  ♦I 
35  Wt.jC  Voltesso-36j 

I I 1 


20  30 
Time  in  Hours 
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THIN  FILM  EVAPORATION  CHARACTERISTICS  OF  SEVEIAL  SPECIFICATION  AN-W-0-366b 
FLUIDS  FROM  VARIOUS  CCMMERCIAL  SOURCES 


ALL  TESTS  CARRIED  OUT  AT  AN  INITIAL  FILM  THICKNESS  OF  1.0  HM.  AND  AM  AREA  OF  19,7  SQUARE  CM 
THE  OIL  IS  MAINTAINED  AT  A TEMPERATURE  OF  I90  1 l-F.,  AND  DURING  EVAPORATION  DRY  AIR  IS  PAS 
OVER  THE  FILM  AT  A RATE  OF  APPROXIMATELY  *:  LITERS  PER  HOUR. 


PASSED 
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laproved  evaporation  characteristics  are  obtained,  in  general, 
at  the  expense  of  viscosity-teaperature  characteristic.*:  and  low  teapera- 
ture  viscosity.  That  is,  the  inclusion  lif  higher  concent  ratiom  of  tne 
saae  anti-tack  ccenponent  results  in  poorer  vis«>sity-teQperature  charac- 
teristics. Eiendixig  curve*^  showing  the  effects  of  increasing  the  anti- 
tack cct'ponent  concontraticn  in  typical  Spec.  2II1/-C-5606  and  Spec. 

5I-F-2I  '^Nayy)  hydraulic  fluids  arc  shown  on  Tigure  6.  These  data  are 
for  Yoltesso  36  as  the  anti-tack  coiponent.  Voltessc  36  is  a typical 
naphthenic  mineral  oil  suitable  as  an  anii-tacK  component. 

'.i.  should  ijis  emphasised  that  the  low  temperature  viscosity 
scales  O'*  figure  6 ar«  accurate  for  only  the  compositions  having  an 
8G:20  base  stock  ratio  of  HirJcXer  base  oil  to  anti-tack  component. 

There  are  re-'sonable  deviations  in  the  viscosity-teoperaiure  character- 
istics for  blends  having  other  ratios  of  base  oil  to  anti-tack  component. 
This  deviation  is  illustrated  in  Table  4. 

Table  4 

VISCOSITI  CHAHACTESISTICS  OF  FLUIDS  C0KTA2(IHG  VAHIOUS 
CC&jCET^iIONS  OP  AMTI-TACK  CGHFCKST 


Test  Fluid 

- - -Composition,  Wt.% 
Light  Anti-Tack 

Base  (Voltesso 

Oil  ‘36) 

Aciyloid 

Polymer 

Measured  Vise., 
cs.  at 

130*P.  -40*P. 

Predicted  -40*F. 
Vise,  frcai 
Figure  6, 
cs. 

92.0 

0 

8.0 

IX) 

330 

460 

83.a 

9.3 

7.5 

10 

395 

490 

7*.6 

18.6 

6.8 

iO 

500 

5C3 

65.6 

56.1 

6,5 

20 

605 

590 

55.5 

38.7 

5.8 

IG 

750 

640 

47.4 

47.4 

5.a 

10 

970 

690 

Table  4 also  illustrates  the  advantages  in  texss  of  the 
concentration  of  anti-tack  ccmpor.sot  that  can  be  gained  by  allowing  9 
-40*F.  viscosit-y  of  750  centisiokes  in^stead  of  500  centistokss. 


High  Temperature  Pxjp  Operation.  Lubrication  and  voluzaetric 
efficiency  are  two  important  items  in  the  operation  of  hydraulic  pumps 
at  high  temperatures.  Direct  measurement  of  these  p/eperties  is  very 
difficult  because  of  the  lack  of  proren  high  temperature  pumps.  There 
have  been  indications  that  in  the  temperature  range  above  300*F.  certain 
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Figure  6 

BLEIiDlNG  CHARACTERISTICS  OF  ACKl^ID  358  IN  WtflOER  BASE  01.. 

.atPLOYING  VOLTESSO  36  AS  AN  ANTI-TACK  COMPOISNT 
NOTE:  VISCOSJTY  SCALES  FOR  IJOV.  AND  -AO»F.  VALUES  APPLY  ONLY  TO  THOSE  BLENDS  CONTAINING  AN  82:10  RATtCi  WINKLER-VOLTESSO 
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mechanical  problems  with  currently  available  pumps  retard  or  prohibit 
fluid  testing.  Iherefore,  another  approach  to  lubrication  and  volu- 
metric efficiency  tests  has  been  used.  Lubricity  and  viscosity  of  high 
temperature  hydraulic  fluids  can  be  measured  in  laboratory  equipment. 
These  measured  properties  at  the  desired  temperatures  can  then  be 
built  into  experimental  fluids  in  the  range  of  100*  to  200*F.  These 
experimental  fluids  can  then  be  tested  in  a pump  under  lower  tempera- 
tvre  conditions  where  no  mechanical  problems  are  anticipated.  Tests 
reuj.'tvd  in  pi'-^ious  Fcnual  I«sports  to  the  National  Jaiense  Eeooaich 
Co(isr.itteo  indicere  that  Spec.  AN-W-0-366b  hydraulic  fluids  (without 
an  anti-wear  additive)  operate  satisfactoril.vr  in  a Pesco  349  gear  type 
pump  at  a viscosity  level  of  3.5  centistokes.'  The  current  study  has 
emphasized  viscosities  below  3.5  centistokes  at  the  test  temperature. 

The  test  fluids  used  in  this  study  are  mineral  oil  fracticais 
containing  an  anti-wear  additive  and  an  oxidation  inhibitor.  The 
compositions  of  these  test  fluids,  PRL  34U  and  PRL  3415,  are  in  Table 
6,  A ctanparison  of  the  viscosities  and  volatilities  of  the  mineral 
oil  compositions  and  a typical  commercial  Spec.  MII/-O-56O6  hydraulic 
fluid  are  shown  on  Table  5. 


Table  5 

VISCOSITY  AND  VOLATILITY  PROPERTIES  OF  SEVERAL 
MINERAL  OIL  COMPOSITIONS 


C-0,C,  Temperature,  “F.  at  Which 

Fire  Indicated  Viscosity  Value  is 


Test  Fluid 

Point, 

•F. 

3.0  cs. 

_ — Obtained 

2.0  cs.  1,5  cs. 

1.0  cs. 

Commercial 

Spec.  MIL-0- 5606 

235 

295 

390 

435 

- 

PRL  3414 

230 

107 

U5 

173 

240 

PRL  3415 

235 

72 

109 

142 

203 

The  mineral  oil  fractions,  PRL  3414  and  PRL  3415,  have  vis- 
cosities of  1.0  to  3.0  centistokes  in  the  range  of  100*  to  200*F.  The 
conHnercial  Spec.  MIL-0- 56O6  hydraulic  flxild  has  viscosities  of  3»0  to 
1.0  centistokes  between  290*F.  and  the  initial  boiling  point  of  the 
fluid  (approx,  500*F.).  The  mineral  oil  fractions  and  the  Spec, 

MIL-0- ^06  fluid  have  about  the  same  volatility  properties. 

The  effect  of  bulk  oil  temperature  on  the  wear  characteristics 
measured  by  the  Shell  foujvball  wear  tester,  of  a typical  Spec.  51-F-21 
fluid  and  a Spec.  51-F-21  type  hydraulic  fluid  without  tricresyl  phos- 
phate, are  shown  bn  Table  9.  This  ecrlos  of  tests  has  not  been  conducted 
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with  a Spec,  MIL-0- 56O6  hydraulic  fluid.  It  should  be  noted  that  the 
ingredients  of  Spec.  51-F-21  and  Spec.  MIL-O-5606  fltiids  are  essentially 
the  some  except  that  the  Spec.  MIL-C-5606  does  not  contain  a rust 
inhibitor.  Spec.  MIL-O-5606  also  contains  less  polymeric  additive  and  a 
lower  anti-wear  additive  concentration.  It  is  notewpirthy  that  there  is 
no  appreciable  increase  in  wear  with  temperature  for  either  blend.  The 
data  for  a Spec.  MIL-O-5606  fluid  would  be  expected  to  follow  quite 
cioselj'  ciie  data  <’n>'  the  Spec.  51-F-21  fluid.  Thus,  the  wear  properties 
of  Sper.  MlL-0-560i  type  fluids  at  temperatures  up  to  at  least  AOO®?. 

WD\f]d  be  expected  to  ,/arallel  the  wear  properties  of  PEL  341A  and  PEL  3415 
in  the  100®  to  200®F.  test  region.  Wear  data  for  these  test  fluids  at 
167 ®F.  in  the  Shell  fotir-ball  wear  testing  machine  are  shown  on  Table  6. 

Table  6 

WEAE  CHAEACTERISTICS  OF  SOME  LOW  VISCOSITY  HYDBAULIC  FLUIDS 

Tests  Conducted  in  the  Shell  Four-Ball  Wear  Tester. 

Test  Conditions  Include:  Test  Time  ■ 1 Hr.j  Test  Temp,  « 75®C.  (l67*F.); 
Test  Speed  = 850  r.p.m.j  Steel  Balls  » SKF  Industries  Grade  #1 
(0.5  inch  Diameter)  .Steel  Etell  Bearings,  PEL  Batch  #10. 


Average  Wear  Scar 
Diameter,  nm. 
Steel-on-Steel 

Vise,  at  Bearing  Surfaces 


PEL 

No. 

Test  Fluid 

Composition  in  Wb.$ 

100®F. 

cs. 

1 

kg. 

10 

kg. 

40 

kg. 

3115 

Commercial  Spec.  MIL-O-56O6 
Hydraulic  Flviid 

14.2 

0.16 

0.22 

0.62 

3414 

0.4  Paranox  441  + 5.0  Tricresyl 
^osphate  in  XCT  White  Oil'^^ 

3.27 

0.14 

0.20 

0.44 

3415 

0.4  Paranox  441  ♦ 5.0  Tricresyl 
Phosj^te  in  Kendall  C-13(2) 

2.18 

0.15 

0,48 

C.45 

(1)  Narrow  boiling  fraction  of  highly  refined  naphthenic  gas  oil  obtained 
from  the  Standard  Oil  Company  of  New  Jeney. 

(2)  Narrow  boiling  fraction  of  Pennsylvania  gas  oil  obtained  from  the 
Kendall  Refining  Company. 


The  behavior  of  PEL  3414  and  PEL  3415  in  the  Vickers  piston 
ptanp  is  shown  on  Table  8.  The  pump  operated  satisfactorily  throughout 
this  series  of  tests.  The  punp  used  for  this  rarles  of  teste  is  a 
standard  production  model.  A typical  Spec,  MlL-0-‘5606  fluid  was  used 
to  establish  a basis  for  volumetric  efficiency  at  100®F.  The  volumetric 
efficiency  as  a function  of  viscosity  Is  shown  on  Table  7. 
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Table  7 


VOLUMETRIC  EFFICIENCY  VERSUS  FLUID  VISCOSITY  IN  A VICKERS 
PF-17-3911-10ZEL  PISTON  PUMP 


Flu-ld  Viscosity, 
*^'=nti3toketj 

Volumetric  Delivery, 
g.p.m. 

Per  Cent  of  Maximum 
Delivery 

14.2 

3.10 

100 

3.3 

3.04 

98 

2.2 

3.00 

97 

1.4 

2.89 

93 

1.1 

2.76 

89 

(l)  Volijmetric  delivery  vrlth  typical  Spec.  MIlf-0-5606  fluid  at  100*F. 
test  temperature  is  cunsidcrod  100^  of  maximum  deliveiy. 


These  data  indicate  that  Cxurently  available  standard  hydraulic 
pumps  can  be  operated  successfully  vdth  relatively  low  viscosity  fluids 
liaving  good  lubricity. 

Ihe  limitation  in  high  temperature  operation  with  Spec, 

MIL-0- 5606  fluid  may  stem  from  volatility.  That  is,  the  lubricity  and 
viscosity  properties  of  Spec  MIL-O-56O6  fluid  are  adequate  up  to  the 
AOO*  to  500«F.  temperature  range.  The  initial  atmospheric  bollii^  point 
of  a typical  Spec.  MH/-O-56O6  is  about  500"F.  Some  problems,  such  as 
high  wear  and  cavitation,  might  be  anticipated  in  the  AOO*  to  500*F® 
region. 


This  Laboratory  has  conducted  Pesco  gear  pump  and  wear  studies 
with  typical  hydrocarbon-base  fluids  containing  30  weight  per  cent  of  a 
low  boiling  hydrocarbon  such  as  hexane  or  Isooctane.  These  studies  are 
described  in  report  PRL  3.35“May47.  They  were  conducted  at  temperatures 
approximately  30*  to  40*F.  below  the  normal  boiling  point  of  the  volatile 
constituent  without  difficulty.  Moderately  high  wear  was  noted  in  both 
the  Pesco  gear  pump  and  the  Shell  four-ball  wear  testing  machine  under 
these  conditions.  The  determination  of  the  actual  high  temperature  limit 
of  operability  of  Spec.  MIL-0- 56O6  fluid,  therefore,  awaits  the  develop- 
ment of  adequate  high  temperature  pumps. 

Thermal  Stability.  Thermal  stability  tests  have  been  con- 
ducted at  500®F.  or.  various  components  of,  as  well  se  a complete.  Spec. 
MIL-O-5606  hydraulic  fluid.  These  thermal  stability  data  are  In  Table  10, 
Data  for  di-2-ethylhexyl  sebacate  are  included  for  comparison. 

The  data  shown  on  Table  10  indicate  that  the  components  of  a 
Spec.  MIL-O-5606  fluid  as  well  as  di-a-ebhylhexyl  sebacate  are  relatively 
stable  for  the  20  hour  test  at  500*F,  under  a nitrogen  atmosphere.  The 
Acryloid  polymeric  additive  shows  a tendency  to  decrease  scmevrtiat  in 
viscosity.  The  viscosity  decrease  is  not  accompanied  by  indications  of 
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Tests  conducted  with  Vickers  Kodel  PF  •17-3911-lOZKL  piston  pump  on  PRL  pump  stand 
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decomposition  of  the  ester  group  or  the  Connation  of  volatile  products. 

The  viscosity  decrease  is  believed  to  be  attributable  to  theroal  do- 
polyraerizaticn.  Tiienral  tests  at  500*F.  vdth  the  mineral  oil  base  stock, 
anti-tatk  component,  tricresyl  phosphate,  and  di-2-ethylhe3grl  sebacate 
show  no  ippreciablc  evidence  of  molcciilar  decomposition.  The  test  con- 
ducted at  500*F.  in  the  closed  pressure  cylinder  on  a commercial  Spec. 
MII/-O-5606  hydraulic  fluid  ir<dicates  that  there  is  no  sigriiiicant 

“i*  volatile  products.  This  is  indicated  by  the  pressure 
at  the  era  the  at  500“?.  ana  the  lack  of  residual  pressure  upon 
‘'ooling  i-r  room  teaperc^ure. 

These  data  indicate  that  a Spec.  HlL-0-560^  fluid  shows  adequate 
therc>al  stability  up  to  its  normal  boiling  point  (500*P.).  In  general, 
it  has  been  found  that  oxidation  dominates  over  thermal  decomposition  at 
high  tei^ratures  for  mineral  oil-  and  estei^oase  hydraulic  fltiids  and 
lubricants.  Spec.  MIL-O-5606  hydraulic  fluid  is  no  exception  this 
trend. 


Oxidation  and  Corrosion  Stability.  Ihe  caddatlcn  stability 
and  corrosion  behavior  are  tv»  of  the  moot  l<!q)ortant  properties  of 
hydraulic  fluids  and  lubricants.  Their  oxidation  and  corresion  behavior 
p3ay  a large  part  in  governing  fluid  life,  or  the  length  of  tine  between 
oil  changes  in  service.  These  two  properties  become  more  isportanc  with 
increasing  operating  terq^eratures.  Tne  rate  of  acidatlon  and  corrosion 
increases  rapidly,  and  the  irductien  period,  cr  stable  life,  decreases 
rapidly,  with  increasing  tcspcrat'Jre.  A.n  oxidation  and  corrosion  sta- 
bility of  168  hours  at  250*F.  is  afforded  fcgr  the  specification  require- 
ments foi  MII<-0-5606  hydraulic  fluids.  To  fulfill  this  req^^irement,  only 
a so-callcd  low  tesq>erature  oxidaoion  and  corrosion  inhibitor  is  n^uired. 
This  Inhibitor  is  believed  to  be  of  the  hindered  j^enol  type  in  most 
ccssiercial  preparation. 

The  effect  of  temperature  on  the  stable  life,  or  induction 
period,  for  a typical  Spec.  HIl/^56o6  fluid  is  shown  on  Figure  7.  A 
similar  curve  is  obtained  for  a Spec.  KIL-0-56C6  hydraulic  fluid 
prepared  by  this  Laboratozy  using  O.4  weight  per  cent  Paranox  AAl  as 
tr»e  oxidation  inhibitor. 

These  data  indicate  that  the  stable  life  of  the  hydraulic 
field  decreases  by  a factor  of  10  for  every  €0*P.  increase  in  tempera- 
ture. At  3W*F.  the  stable  life  has  been  reduced  to  about  10  to  15  hours. 
This  cespares  with  a stable  life  of  about  A,OCO  hours  at  200*F.  and  200 
hours  at  270®?.  These  data  indicate  that  a typical  Spec,  KIL-O-5606 
fluid  has  essentially  no  stable  life  under  the  oxidation  conditions  used 
at  400®F.  and  above.  Stable  life  refers  to  the  period  during  which  Little 
or  no  o:^e3i  is  absorbed  by  the  test  fluid  even  though  there  is  plenty 
of  o:7gen  available.  During  this  Interval  most  of  the  changes  in  the 
fluid's  properties  are  ssall  in  magnitude.  At  temperatures  above  >diich 
there  is  essentially  no  stable  life,  the  rale  of  the  conventiotial  oxida- 
tion Inhibitor  is  that  of  reducing  the  rate  of  oxi.dation,  rather  than 
of  suppressing  the  oxidation  entirely.  In  this  latter  region  the  oxidative 
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deterioration  is  generally  a direct  function  of  the  amount  of  oxygen  in 
contact  with  the  test  fluid. 

Oxidation  and  corrosion  tests  with  a typical  commercial  Spec. 
MIL-0~i>606  hydraulic  fluid  are  shown  on  Table  12.  These  tests  cover 
temperatures  from  250®  to  500*F.  Two  different  kinds  of  tests  have  been 
made.  Tl.e  majority  of  the  tests  shown  have  been  conducted  using  the 
p>'^c^dT’re.5  and  techniques  set  forth  in  Spec.  Mll«-0-5t)06.  Two  tests  using 
the  FRL  and  corrosion  test  ars  also  included.  The 

thin  fill”  oxrldation  .uid  corrosion  test  emphasizes  the  effect  of  large 
metal  catalyst  areas  on  thin  films  of  oil  in  intimate  contact  with  air. 

A detailed  descidption  of  the  thin  film  oxidation  and  corrosion  procedure 
can  be  found  in  the  Appendix  of  report  PRL  6.1-Jan52. 

Briefly  the  thin  film  procediure  consists  of  allowing  the  test 
fluid  to  flow  by  gravity  in  a thin  film  over  2,000  sq.  cm.  of  intimately 
mixed  steel  and  copper  Jack  chain  (1,000  sq.  cm.  of  each  metal).  At  the 
same  time,  air  is  forced  upwards  (coxmtercurrent)  through  the  chain  and 
over  the  falling  oil  film.  The  fluid  is  lifted  from  a reservoir  below 
the  Jack  chain  packing  to  the  top  of  the  Jack  chain  by  means  of  a small 
bucket  type  lift  pump.  The  o3JL  cycling  rate  is  about  75  ml.  per 
minute.  This  test  procedure  is  somewhat  more  severe  th^  the  Spec, 

MIL-0- 5606  type  oxidation  and  corrosion  test.  This  test  places  parti- 
cular emphasis  on  the  dirtiness  tendencies  of  the  oil. 

The  168  hour  tests  at  2*^''®F.  are  shown  on  Table  12  to  illus- 
trate the  minor  property  changes  thpt  occur  within  the  induction  period 
of  a typical  Spec.  MlIi-0-5606  fluid.  In  the  specification  oxidation  and 
corrosion  test  as  well  as  in  the  thin  film  oxidation  and  corrosion  test. 
The  data  from  the  thin  film  test  at  250®F.  indicate  slightly  larger 
property  changes  in  all  cases  than  for  the  comparable  test  under  Spec. 
MII/-0-5^6  test  conditions. 

The  oxidation  and  corrosion  tests  at  347®F.  and  higher  are  all 
beyond  the  stable  life  of  the  fluid.  That  is,  all  of  these  fluids  after 
the  test  are  in  a state  of  incipient  or  severe  oxidation.  In  the  case 
of  the  .347®F.  Spec.  MIL”-0-5606  type  oxidation  and  corrosion  test,  the 
stable  life  of  the  fluid  is  about  12  to  14  hours  under  these  ccnditio.ns, 
compared  with  the  test  time  of  24  and  36  hours.  The  thin  film  test  at 
347 ®F.  indicates  that  the  stable  life  of  the  fluid  was  exceeded  in  12 
hours  under  these  conditions.  The  thin  flLn  test,  for  a lesser  degree 
of  oxidation  than  the  Spec.  MIL-0-5606  type  test,  shows  more  dirtiness. 

Another  point  should  bo  anphasized  concerning  the  347*F.  tests. 
The  130“P.  viscosity  after  all  of  the  347"F.  teete  show  a decrease,  while 
the  0®F.  viscosity  shows  little  decrease  or  an  Increase.  These  data  are 
typical  for  the  region  of  incipient  oxidation  of  low  viscosity  mineral 
oil-Acryloid  blends.  This  viscosity  decrease  is  not  a thermal  phenomenon 
of  the  type  illustrated  in  the  previous  section.  Viscosity  decrease  of 
Spec.  MIL-O-5606  type  fluids  from  thermal  effeote  begins  at  about  450®F. 
Thermal  effects  are  believed  to  be  a factor  in  the  viscosity  changes 
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noted  in  the  450“  and  500“F.  oxidation  and  corrosion  tests. 

Previous  oxidation  studies  at  250“  and  347“F.  have  indicated 
that  mlnoral  oils  of  the  type  used  as  base  stocks  and  anti— tack  components 
L"  Spec.  MIL-0- 5606  fluids  show  a steady  increase  in  viscosity  with 
incipient  oxidation.  An  Acryloid  HF  85d  solution  of  the  same  mineral 
oil.i  shows  an  initial  decrease  in  high  temperature  viscosity  (130“F.) 
with  incipient  oxidation.  Upon  further  oxidation  there  is  a subsequent 
incre.%3e  in  high  temperature  viscosity.  In  all  cases  at  347“F.  ar.d  lower, 
fcne  -iyC“F.  viscosity  shows  ?.  steady  increase  with  incipient  oxidation 
The  e.'erall  efic-.t  of  a decreasing  high  temperature  viscosity  coupled 
witn  an  increasing  low  temperature  I'iscocity  results  in  an  increase  in 
A.S.T.M.  slope.  The  cause  of  this  behavior  is  not  known  to  this  Labora- 
tory. As  pointed  out  previously,  this  phenamenon  is  not  attributable  to 
simple  thermal  depclymerizatlon.  ^fiils  can  be  seen  by  comparing  the  vis- 
cosity behavior  on  oxidation  at  higher  temperatures  vdiere  thermal  de- 
gradation is  known  to  occur.  Under  these  conditions,  as  shown  on  Table  12 
(data  at  450“  and  500“F.),  the  viscosity  values  at  130“  and  0“F.  show  a 
fairly  xmiform  decrease. 

The  results  at  450“  and  500“F.,  given  on  Table  12,  differ  from 
those  at  347“F.  discussed  above  in  that  the  tests  at  the  higher  tempera- 
tures show  no  induction  period.  That  is,  oxygen  absorption  begins 
immediately  in  these  tests.  In  the  450“  to  500“F.  tenqperature  range, 
the  rate  of  oxidation  is  proportional  to  the  amount  of  oxygen  available. 
These  tests  have,  therefore,  been  conducted  at  low  air  rates. 

The  air  rate  of  0.6  ^xters  per  hour  is  still  quite  large  in 
terns  of  air  leakage  into  a sealed  or  pressurized  hydraulic  system.  The 
data  on  Table  11  give  the  equivalent  minimum  volume  of  air  that  would  be 
required  to  produce  the  Indicated  amount  of  oxidation  In  a hydraulic 
system  of  5 gallons  capacity.  These  data  assume  that  all  of  the  oxygen 
present  in  the  air  reacts  with  the  hydraulic  fluid.  This  requires  very 
intimate  contact  between  the  air  and  fluid  for  extended  periods.  The 
data  on  Table  11  are  calculated  for  the  three  oxidation  tests  conducted 
at  450*  and  500*F.  These  are  the  only  tests  for  which  quantitative 
oxygen  absorption  data  have  been  obtained. 

Table  11 

OXIDATION  SEVERITY  IN  TE391S  OF  AIR  VOLIHE 


Oxidation  Conditions  for  Spec. 

MIL-O-5606  Fluids  on  Table  13  Approx.  Min.  Cu.  Ft.  of  Air  at 


Test 

Temp., 

•F. 

Test 

Time, 

Hrs. 

Air 

Rate, 

Liters/Hr. 

32”F.  and  ?6o  mm.  Hg  Requj.red 
to  Produce  an  Equivalent  Degree 
of  Oxidation  In  5 Gal.  of  Fluid 

450 

24 

0.6 

90 

500 

24 

0.6 

90 

500 

20 

5.0 

625 
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These  data  Illustrate  that  siaeabXe  quantities  of  air  have  to 
enter  a system  to  pxvduv.e  the  ojJ.uative  deterioration  oho«n  on  Table  12 
under  the  severe  high  temperature  coriditioiis  used^  The  oxidation  and 
corrcs.on  data  at  450*  and  500*P.»  compared  with  the  thermal  stability 
data  at  500*F.j  indicate  clearly  the  advantages  of  using  a closed 
hydraulic  ^stem^  or  at  least  a system  with  a limited  air  contact  in 
this  higl^i  temperature  range. 

Tnc  corrosion  values  for  all  cf  the  cxidaticn  r-.'d  ‘orrosion 
tests  shown  cn  Table  '*2  are  io^.  It  should  be  noted  that  magneslua 
has  been  omitted  from  the  tests  at  450*  and  500*F.  It  has  been  foxmd 
in  previous  studies  that  the  oxidation  of  mineral  oils  and  cany  synthetics 
at  temperatures  in  the  region  of  400*  to  500*K.  always  results  in  hi^ 
magnesium  corrosion.  Hagnesiisn  corrosi^  would  be  anticipated  in  hi^ 
tes^rature  hydraidic  systems  tdiere  hydraulic  fluid  oxidation  is 
encountered,  even  though  the  nagnesiua  exists  in  a portion  of  the 
systems  ^ere  temperatures  are  well  below  4C0*F. 

Some  oxidation  and  corros^n  studies  have  been  conducted  vdth 
Spec.  Hll/>0-5^  and  similar  fluids  to  study  the  interaction  of  indi" 
vidual  netals  and  metals  other  than  the  five  listed  in  the  Mllr>0-5606 
specif icatioa.  Txie  results  of  conventional  Spec.  MIL-0->5606  oxidation 
and  corrosicn  tests  but  modified  by  the  inclusion  of  lead^indim  coated 
silver-plated  steel  or  copper-berylHum  arc  shown  on  Table  13.  The 
Spec.  51*'F'21  (Ord)  fluid  is  prepared  from  essentially  the  same  con- 
stituents as  Spec.  K11/-C-5606.  T*..  essential  difference  between  these 
two  specification  fl^lld3  is  in  viscosity  level. 

It  can  be  seen  from  the  data  on  Table  13  that  the  corrosion 
of  lead*indluii  coated  silver-plated  steel  and  copper-beryllium  aUqy  are 
within  the  specification  limit  in  all  tests.  In  the  case  cf  the  lead- 
indlia  coated  silver-plated  steel,  however,  there  are  signs  of  incipient 
corrosion  and  the  values  would  be  considered  borderline.  It  can  be 
noted  that  the  Spec,  51-F-21  fluid  also  gives  borderline  copper  corro- 
sion. There  is  indication  in  %ny  of  these  tests  that  the  inclusion 
of  lead-indius  coated  silver-plated  steel  or  coj^i'-bciyiliuB  alloy 
has  caused  any  deleterious  effects  on  the  fluid  under  these  test 
conditions. 


Several  mstals  have  been  studied  individually  in  an  oxidation 
test  for  their  effect  cn  the  stable  life  of  Voltesso  36,  ffoltesso  36 
is  a naphtheuic  mineral  oil -fraction  of  the  type  i^sed  as  a base  stoci:, 
or  antx-tack  constituent,  in  Spec.  HIL^56o6  hydraulic  flxdd.  The 
data  obtained  for  the  stable  life  of  Voltesso  36  inhibited  wix.b  Paranox 
441,  in  the  presence  cf  various  metals,  is  shown  on  Table  14.  Tnese 
data  may  alec  be  considered  typical  of  a ccoplete  Spec.  M1L^5606 
n.uid  of  high  quality.  A t«spsrature  cf  30C**F.  was  diosen  fer  the 
stable  life  tests  to  reduce  the  stable  life  values  to  a reasonable 
time  for  testing.  These  data  indicate  that  coi-per,  bronse,  and  silver- 
plated  steel  cause  an  appreciable  drop  in  the  stable  life  of  the  fluid. 
Hignesl^rs  and  steel  show  same  trend  teward  reducx:^  the  stable  life. 
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The  stable  life  in  the  presence  of  lead,  cadmium,  and  aluminvon  is 
oosent.^ aill^  Ihe  same  as  the  stable  life  in  the  absence  of  metals. 

In  addition  to  the  stable  life,  the  total  test  time  and  the 
amount  of  metal  corrosion  during;  the  test  is  shown  on  Table  lA.  The 
difference  between  the  tost  time  and  the  stable  life  is  the  amount  of 
time  during  which  the  fluid  was  undergoing  significant  oxidation.  It 
is  .-’r  + erestiug  to  note,  therefore,  that  severe  corrosion  of  the  metals 
dif'  fi't  take  plac  C SVwR  ^aaC  presence  of  oxidized  oil  of  the  Spec. 

Mil/- J- 5606  type.  It  can  also  be  noted  that  measurable  corrosion  of 
the  metal  specimens  is  not  necessary  to  cause  an  appreciable  reduction 
in  the  stable  life  of  the  fluid.  This  reduction  cf  stable  life  by 
metals  without  undergoing  appreciable  corrosion  has  been  noted  previously 
for  both  mineral  oil  and  ^thetic  fluids.  These  oxidation  and  corrosion 
data  indicate  that  some  uf  the  metals  tested  are  less  desirable  than 
others  because  of  their  ease  of  corrosion  or  their  tendency  to  px'onote 
oxidation.  However,  none  of  the  metals  evaluated  in  Tables  13  and  H 
indicate  sufficient  prooxidant  activity  (reductipn  in  stable  life)  to 
be  categorical^  eliminated  fres  hydraulic  systems  containing  high 
quality  Spec.  MIL-O-56O6  fluids.  Corrosion  of  all  of  the  metals  dis- 
cussed in  this  report  can  be  controlled  under  most  normal  operating 
conditions  by  high  quality  Spec.  MII/-C-5606  hydraulic  fluids. 

It  has  been  Indicated  previously  that  it  is  desirable  to 
excliKie  magnesium  from  systems  where  high  temperatures  and  liquid  water 
or  oxidized  oil  exist  togethei . Cadmium-plated  steel  has  also  given 
erratic  corrosion  behavior  with  mineral  oil  and  qrnthetic  hydraulic 
fluids.  The  dat^  indicate  that  it  is  possible  to  produce  fluids  of 
satisfactory  stability  with  respect  to  aH  of  the  Spec.  MIL-O-56O6 
requirements  and,  in  addition,  give  low  metal  corrosion  with  the  metals 
discussed  on  Tables  13  and  14,  but  still  give  unsatisfactory  behavior 
with  respect  to  cadmium  corrosion.  It  would  be  desirable  to  eliminate 
cadmiiBn  c<»mpletely  from  the  portion  of  the  hydraulic  system  coming 
in  ccmtact  with  the  fluid. 

Miscellaneous  Physical  Properties.  This  Laboratoxy  receives 
frequent  requests  for  various  physical  properties  of  Spec.  MIL-O-5606 
fluids  for  use  primarily  in  engineering  and  design  calcvdations. 

Many  of  these  properties  have  been  measui’ed  or  extrapolated  from 
typical  Spec.  MIL-O-5606  and  similar  fluids.  Vftille  there  is  some 
variation  in  these  properties  from  batch  to  batch  and  from  manufacturer 
'to  manufacturer,  it  is  believed  that  the  values  given  in  the  following 
tables  and  figures  are  sufficiently  accurate  to  be  used  in  engineering 
calculations  for  equipment  designed  arovind  Spec.  MIL^5606  hydraulic 
f 1 uid . 


The  effect  of  pressure  on  density  for  a Spec.  MIL-0- 56O6 
fluid  is  shown  on  Figure  8.  llie  data  are  plotted  in  Figure  8 so  that 
the  densir.y  ratio  at  any  given  pressure  and  temperature  can  be  determined. 
The  density  at  8>tmospheric  pressure  at  the  same  temperature  is  then 
multiplied  by  this  ratio  to  give  the  density  at  the  desired  pressure. 
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TEST  CONOlTIOMt  BUIK  OIL  TYPE  ST;  ■ TEST  UHPCRATUHE*  TEST  TIME,  AND  AIR  RATE  AS  IKDICATEO;  TEST  FLUIO  0HAR6EI  - ICC  ill.:  AND  CATALYST 
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Table  13 

CCRnCSTO'r:  3ro*DIE3  ifirri  MIIEHAL  OIL  HTORAULIC  FU>ID3 

:£ST  MO  T'CHhiOOCS  IK  ACCOROMCC  WITH  SPfC.  *t|L«0>$6o6.  UAS-IKOiON  COATCO  S!IV£S> 

PUTEO  »«£CtNeAS  UVC  SCCM  INCIVOEO  l>i  TkCSC  TcSfS.  TKC  tOO'IROHAI  SUSTACE  IS  SU8STITUTE9 
FOR  CA0Kl'iH-R.AT£3  STEEl  IK  THIS  TEST.  ALL  Of  T“£  «;«.  CAtALTSiS  EXCEM  TKE  LEA0*IX0lim 
SfECINEIi  »R£  t*  X I*  X SO  GASE.  THE  lEAO-iKOIW  CATAYST  I?  A SESTffts  CF  AiSCRATT  fiSTCS  ^ 
EXSIXE  8E^'IXS  HAVIXS  Af^^^RCXllUTELr  I SC.  IK.  OF  LEAO^IkOlUN  SURFACE  ON  A I $Q,  II.  STEEL 
BACKUS.  A.L  TESTS  ARE  COKOi^CFEO  AT  AX  AIR  RATE  OF  10  X | LITERS  <*ER  FOUR. 
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• 

. 

DULL 

IfT.  LOSS  (IK./Sg.  01.1 

o.o6 

CCP*tR 

0.23 

• 

STEEL 

0.02 

40.16 

• 

ALai:s9{ 

•*0.C2 

0.02 

fuatSiSK 

0.02 

0.02 

• 

LEAO^IXSION 

♦0.20 

0.13 

• 

COPPER^BERTlLIPf 

. - 

• 

♦0.P3 

(t)  COIKRCIAL'SFcC.  IIIL*O>;£06  FlUIO  PREMRCO  ST  Tl«  STAlOARO  OIL  CCXPAXY  OF  IcV  JCRSEV, 
U)  COfKCeCIAL  SPEC.  5l-r-2l  {CROS  P.OIO  PREPASEO  BY  THE  STAKOATO  OH  COIRAKY  CF  »»  JE2SJ 
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Table  14 

EFFECT  OF  CATALYST  METALS  ON  OXIDATION  STABILITY 

Test  Procedures  and  Techniques  in  Accordance  with  ^ec.  MIL-O-56O6. 

Te.it  Conditions  Include:  Test  Temperature  =»  300  * 3®F.j  Test  Time  as 

Indicated;  Test  Fluid  = 100  ml,;  Air  Rate  - 10  * 1 liters  per  hotirj 
Ketal  Catalyst  = One  Inch  Squares  of  Indicated  Metals; 

Test  Fluid  = Voloesso  36'^^  + 0.4  Vt.%  Paranox  Vrl. 


Catalyse  Metal 

Approx. 
Stable  Life, 
Hours (1) 

Test 

Tima, 

Hrs. 

Catalyst 

Wt.  Loss, 
mg./oq.  cm. 

No  Catalyst 

300 

365 

- 

Copper,  Steel,  Aluminum,  Magnesium, 
and  Cadmium-Plated  Steel 

230 

360 

0.03,  +0.06, 
+0.05,  +0.10, 
0.37 

Copper 

190 

212 

0.02 

Bronze 

190 

240 

0.19 

Steel 

250 

365 

+0.08 

Sheet  Lead 

300 

330 

0.10 

Silver-Plated  Steel 

140 

220 

0.29 

Cadhnlum-Platcd  Steal 

280 

310 

0.02 

Aluminum 

280 

311 

0.00 

Magnesium 

245 

264 

0 

S 



(1)  Stable  life  determined  by  the  sharp  break  in  the  curve  of  neutral- 
ization number  versus  time. 

(2)  Voltesso  36  is  a highly  refined  naphthenic  gas  oil  typical  of  good 
quality  base  stocks  for  Spec.  MIL-0-5606,  ^ec.  51'’?-2l(0rd),  ^ec. 
51-F-23(Ord),  Spec.  KrT.-V7B?0  Spec,  AN-0-9  fluids. 
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i For  exaniple,  at  3,000  p.s...  and  100*F.,  it  can  be  seen  fr-xa  Figure  6 

that  tne*  ratio  of  the  density  at  this  pressure  &*id  teoperature  to  the 
density  at  ataosphenc  pressui'c  and  iOO*?.  teaperature  is  approxiiiately 
1.0127.,  When  this  value  is  zaultiplied  fcy  0.S27  %<hich  is  the  fluid's 
''ensity  at  ataospheric  pressure  ar.d  100*F.,  a value  of  0.838  is  obtained 
for  the  density  of  the  fluid  at  3,000  p.s.i.  and  100*F. 

The  effect  ol  pressure  on  the  viscosity  of  u typical  Spec. 
Hjju-O-pCfw  hydra\4lic  ^luid  has  been  calculated  from  data  obtained  freo 
fluids  c‘  ciasc.  T:i*=5S  data  are  ehcKn  or  rig^rc  9.  The  t'inerati: 
^scosity  is  plotted  a^  unst  absolute  pressure  in  pounds  per  squar^ 
inch.  At  a teoperatxa^  of  100*F.  and  a pressure  of  3^000  p.s.i.,  it  can 
be  seen  that  Spec.  HlL-0-5606  hiiiraulic  fluid  increases  in  viscosity 
from  anproxinately  14.2  (at  1 atnosphere  pressure)  to  21  centistokes. 
lliis  represents  an  increase  of  48  per  cent.  The  rate  of  change  in 
viscosity  with  pressure  increases  with  decreasing  temperature.  At 
-40*F.,  the  viscosity  increase  is  83  per  cent  for  a pressure  increase 
from  one  atnosphere  to  3,000  p.s.i.  The  corresponding  value  for  200*F. 
is  36  per  cent  increase  in  viscosity. 

The  bvdk  aoduJ.us  of  elasticity  has  been  calculated  for  Spec, 
KIL-O-5606  type  hydraulic  fluids.  The  bulk  modulus  of  elasticity  of  a 
fluid  is  ths  reciprocal  of  the  compressibility  and  can  be  defied  by 
the  equation: 

„ Stress  . (P  * Pq)  Vn 
® • Strain  (V^^V) 


B ° Bulk  Dodulus  of  elasticity 
pQ  » Atmospheric  pressure 
P « Absolute  pressure 
Vq  » Specific  voliBre  at  ?o 
V « Specific  volume  at  P 


Bulk  modulus  data  for  Spec.  MIIrO-5606  flxiid  are  calculated 
from  the  ccapressibility  data  presented  in  Figure  10.  Tnese  data  arc 
tabulated  in  Table  15 . 


Table  15 

BULK  KODULUS  YAUiSS  FOR  SPSC.  MiL-O-5606  FLUID 


All  values  calctd.ated  for  100*F. 


Test  Fluid 
Spec.  iaL-0-5606 
* (14.2  cs.  ar  100*F.) 


Pressure,  Sp.^Vol. 

p.s.i.  ca.o/ga. 


0 


1,000 

3,C00 


Average  Bulk 
Hodulus 
p.s.i.  X lC-5 
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1.203 

1.193 


2.2 

2.4 
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If  the  limits  of  error  in  reporting  density  to  three  decimal 
places  are  considered  to  be  ± 0.001,  the  resultant  error  in  bxilk  modulus 
is  ± 0.2  X 105  p.s.i.  The  compressibility  of  many  mineral  oils  have 
leen  studied  Dow  and  Fink  in  this  Laboratory.  Their  conclusion  is 
tfst  the  compressibility  (and  the  bvrlk  modulus/  of  essentially  all 
pevroleun  derived  mineral  oils  is  the  same  within  the  limits  of  experi- 
menial  error.  The  value  for  bulk  modulus  is  net  altered  significantly 
by  Acryjoi--!  thickener  used  in  formulating  Spec.  MIL-O-SSod  typo 

*-  i — 

A wUOe 

The  temperature  function  of  bulk  modulus  has  been  detemdned 
for  a typical  Spec.  MIL-0- 5606  fluid.  These  data  are  shown  on  Figure  10, 
along  with  the  effect  of  temperature  on  density.  The  solid  line  on  the 
bulk  modulus  curve  is  for  the  average  value  over  the  range  of  0 to  10,000 
p.s.i.  pressure.  Tne  dotted  line  is  an  extrapolated  curve  for  the  average 
value  of  0 to  5,0ij0  D.s.i.  pressure. 

The  values  for  change  in  density  wi^h  temperature  shown  on 
Figure  10  have  been  used  to  calculate  the  average  cubical  coefficient 
of  expansion  for  the  range  of  ♦130*  to  The  average  values  ob- 

tained are  7.9  x 10“^  cc./cc./*C,  or  4.4  x 10-4  cc./cc./*F. 

Data  for  specific  heat  and  thermal  conductivity  of  Spec. 
MIL-O-5606  type  fluids  are  shown  on  Table  16.  No  appreciable  differ- 
ences in  these  values  would  be  ejq^ected  due  to  batch  to  batch  varia- 
tions. 


Table  I6 


PHTSICAL  PROPERTIES  FOR  SPEC.  MIL-O-5606  FLUID 


Temperatiire, 

•F. 

Density, 

g./atl. 

Specific 

Heat 

B.T.U.Ab./*?. 

Thermal  Conductivity, 
B.T.U./Sq.  Ft. /Hr./ 
(‘F.  per  Pt.) 

-65 

Date  for  Typical  Spec.  MIL-O-5606 

Mineral  Oil  I^raullc  Fluid 

0.89 

0 

0.86 

0.45 

0.081 

100 

0.83 

0.50 

0.079 

200 

0.79 

0.55 

0.076 

30c 

0.75 

0.60 

0.074 

Conclusions . The  high  temperature  stvidles  with  Spec,  MIL-0-5606 
hydraulic  fluid  indicate  that  one  of  the  limitations  to  high  temperature 
operation  is  fluid  volatility.  The  bulk  base  stock  component  of  the  fluid 
exhibits  an  initial  boiling  point  of  about  500*F.  at  760  mm.  Hg.  Extensive 
evaporation  of  the  base  stock  results  in  the  formation  of  tacky  or  sticky 

* Dow,  R.  B.  and  Fink,  C.  E.,  Journal  of  Applied  Physics,  n,  353  (1940). 
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Figure  9 

EFFECT  OF  PRESSURE  ON  T}1E  VISCOSITT  OF  A TYPICAL 
SPECIFICATION  Mlly-0-5606  TYPE  FLUID 


Data  based  on  Spec.  AN-W“0-366b  Fluid  Pi*epared  by  the 
Starnlard  Oil  Ccanpariy  cf  Nev:  Jersey,  WS-491  (PRL  191?) 
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filxas  vdien  Spec.  Mlii-0-5606  fluid  is  eaqjosed  to  reasonably  high  t^pera- 
tures  (200*F.  and  upwards)  in  a thsn  fila  for  extended  periods  of  tine 
when  exposed  to  circuiating  air. 

This  problem  of  tacky  film  fomation  car.  be  solved  bv:  (l) 
charges  •ir.  the  mechanical  design  of  hydraulic  systems  to  reduc*^  the 
amouat  of  air  in  contact  vdth  oil  films,  and  (2)  the  inclusion  of  a 
rao  -5  3*‘foctive  anti-tack  component  such  as  di-2-ethylhe3<yl  sebacate. 

Tecta  .Ji‘^te  that  Spec.  ^m«-0-5b06  fluid  has  sufficient 
viscosity  and  lubricity  at  400*  to  500*F.  to  operate  satisfactorily 
in  properly  designed  high  temperature  hydraulic  pumps.  Such  data 
are  based  on  the  operation  of  a standard  Vickers  pistor.  piap  at  200"?. 
on  fluids  with  viscosity  ar.s  lubricity  properties  at  200"F.  that 
match  those  of  Spec.  iiIL-0-56G6  fluid  at  WO*  to  ~C0*F.  These  data 
further  indicate  that  flidd  volatility  will  be  the  lixolting  factor  in 
high  temperature  pump  operation. 

All  of  the  coo^nents  as  well  as  the  finl^ed  Spec.  MlL-0-5^06 
fluid  show  adequate  thenoax  stability  at  500"P.  for  extended  periods. 

The  conventional  oxidation  stability,  or  tlic  length  of  tine  the  fluid 
is  inhibited  against  oxidation,  for  a Spec.  HII-O-56O6  fluid  decreases 
rapidly  with  increasing  teaperature.  Stable  life  values  for  a typical 
fluid  decrease  from  about  3>000  hours  at  200*?.,  to  200  hours  at  275*F., 
and  to  10  to  15  hours  at  3A7*F.  Tnere  is  essentially  no  induction 
period  above  400*?.  Test  da...  Indicate  that  the  Spec.  MII/-0-5606 
fluid  can  be  used  for  consiaeraole  lengths  of  time  in  the  region  of 
347*  to  500*?-  if  care  is  taken  to  control  or  to  limit  the  amount  of 
air  or  o^gen  filtering  into  the  hydraulic  system  (see  Tables  12  and  13). 
A reasonable  amount  of  oxygen  can  be  assimilated  by  the  hydraulic  fluid 
without  causing  sufficient  property  changes  to  render  the  fluid  inopera- 
tive. The  extent  of  service  life  might  effectively  be  Increased  for 
operations  above  200*P.  by  the  use  of  a closed  hydraulic  ^stem  pressur- 
ized by  nitrogen  or  separated  from  the  pressuiizix^g  medits  by  a diaphragm. 

Ko  appreciable  metal  corrosion  has  been  noted  In  oxidation  and 
corrosion  tests  with  Spec.  IIIL-O-5606  fluids  over  the  temperature  range 
of  250*  to  500*F.  under  conditions  of  incipient  ox5d»tlon  of  the  fluid. 

The  reduction  in  the  stable  iiie  of  Spec.  HiL-0-5606  type 
hydraulic  fluid  by  the  presence  of  silver,  copper,  and  some  copper 
alloys  IS  readily  demonstrated.  The  ext«»t  of  the  reduction  In  stable 
life  IS  not  believed  to  be  sufficient,  however,  to  exclude  these  metals 
from  hydraulic  systems  for  this  reason  alone.  The  corrosion  of  cadmi\s3 
plated  surfaces  by  oth#*rwise  satisfactory  hydraulic  fluids  makes  it 
desirable  to  eliminate  wherever  possible  the  use  of  cadmium  plated 
surfaces  in  hydraulic  systems.  The  use  of  magnesium  in  hydraulic  systems 
containing  hot  ' 'ots  or  bulk  temperatures  ir.  excess  of  250*F.  is  net 
recesmended  where  liquid  water  and/or  oxidized  hydraulic  fluid  may 
exist  or  be  foraed  at  an  appreciable  rate. 
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Several  physical  properties  of  Spec.  HIL-0-5606  iTiCluding: 
viscosity  as  a function  of  pressure,  density  as  a function  of  pressure,  j 

density  as  a function  of  tenperatiire,  the  bulk  aodulus  as  a function  . \ 

of  tea;rfTai.ure,  «>peciflc  neat,  thcniai  conductivity,  and  the  cubical 
coefficient  of  expansion  have  been  ceasured  and/or  calculated.  These  ■*: 

propercies  are  given  priaarily  as  an  aid  in  engineering  and  design  ' * 

calcidat.  ons . 

lo  geneial  these  studies  show  that  teoperatures  up  t-o  500*?.  j 

can  -oiaraced  by  '^pec.  Mliy-0-5bOO  fluid  under  a variety  of  conditiorc. 

The  formulation  of  sp  lific  linitations  will  reqxiiro  testing  in  actual 

hydraulic  ^sterns  with  the  individual  hydraulic  ^stea  components.  ~j 
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Introduction.  ITie  Navy  Bureau  of  Ordnance  requested  this 
LaUratoiy  to  investigate  preservative  compounds  of  the  Specification 
MlL-iI-972  type.  Currently  approved  products  that  are  \ised  as  protective 
co:.X\rifeS  conct' witc,  ir  manj*  cases,  undesirable  centaadrants  for  Navy 
hyuraulic  fluid The  development  of  a preservative  compound  which  is 
soxuble  in  Navy  ijydraulic  fluid,  and  by  its  presence  doec  not  cause  a 
significant  decrease  in  hydraulic  fluid  quality,  is  desired. 

The  study  of  the  preservacxve  characteristics  of  a thin  film 
of  oil  on  steel  is  carried  cut  in  a humidity  cabinet  to  simulate 
accelerated  rusting  conditions.  This  testing  phase  of  this  st\idy  has 
been  delayed  fay  the  delivery  schedule  of  the  humidity  cabinet  and  control 
equipment.  This  equipment  arrived  and  was  Installed  in  this  Laboratory 
in  October  1953 . 

Test  Eoulnaent.  The  humidity  cabinet  used  for  conducting  the 
accelerated  rusting  tests  consists  of  an  Amlnco  Aire  l60  control  unit  to 
supply  conditioned  air.  This  control  unit  allows  accurate  control  of  the 
temperattire  and  humidity  of  Ue  air  supplied  by  the  unit.  The  unit  for 
conditisning  the  air  comprises  three  chambers:  an  air  inlet  chamber,  the 
spray  chAmber,  and  an  air  outlet  chamber.  The  tamperature  and  humidity 
are  coulrolled  by  a refrigerabur  unit,  electrical  heaters  in  the  air  space, 
electr5.cal  heaters  in  the  water  reservoir,  and  a water  pump  which  sprays 
water  as  a mist  into  the  air  stream.  Usi^  the  controls  available,  con- 
ditioned air  can  be  supplied  for  any  value  of  temperature  and  humidity 
above  the  minimum  operating  line  ahown  on  Figure  1.  It  can  be  seen  that 
the  humidity  range  Increases  with  increas.kng  temperature,  and  ranges  from 
^ to  100  per  cent  relative  humidity  at  40*F.  to  10  to  100  per  cent 
relative  hvonidity  at  l60*F. 

The  test  chamber  used  in  tills  case  is  an  Aminco,  B cubic  foot 
cabinet,  designed  to  movint  directly  on  top  of  tho  Aminco  Aire  l60  unit. 

The  humidity  is  measured  in  the  test  cabinet  by  means  of  a recording  wet 
and  dry  bulb  thermometer.  The  conditioned  air  is  circulated  through  the 
test  chamber  by  means  of  a blower  fan  and  the  rate  of  circulation  is 
controlled  by  a manually  operated  damper. 

The  Aminco  Aire  160  conditioner  and  test  cabinet  have  been 
in  operation  for  over  two  months.  Operation  has  been  satisfactory, 
fbccept  for  a few  brief  exploratory  tests,  the  cabinet  has  been  run 
continuously  at  120 "F.  and  100  per  cent  relative  humidity  with  conden- 
sation on  the  steel  test  specimens  and  cabinet  walls. 

Preliminary  Studies.  Preliminary  tests  of  three  general 
types  have  been  conducted  in  the  esqjloratoxy  stages  of  this  program. 

^lie  thickness  and  physical  characteristics  of  the  plasticized 
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polymer  rilms  proposed  i'cr  use  in  tSds  study  were  surveyed.  (2)  The 
severity  of  the  hisaidity  cabinet  test  apparatus  was  evaluated  with  a 
series  of  fluids  coaprisins  mineral  oil  fractiu:is.  hydraulic  fluids 
>fitho'vt  rust. preventives,  hydraulic  fluids  of  the  Spec.  5i-‘^-21  type 
with  m.  Id  turbine  oil  type  rust  preventives,  and  the  Spec.  MIL-0-6C85A 
hiniditT  cabinet  type  preservative  instrument  oil.  (3)  An  investiga- 
tion was  made  of  quarriitativc  methods  for  evaluating  the  extent  of 
rusting  of  the  te^  specimens  In  the  his&idity  cabinet  as  a supplement 
to  the  l.ual  ch3er»atior.. 


i^.^aluatlon  f Plasticised  Acrvloid  Polymer.  The  study  of 
film  thlckr«ess  and  tackiness  has  been  conducted  so  far  with  plasticized 
Acxy'oid  polymers.  That  is,  the  final  film  on  a sclvsnt-frec  basis  con- 
sists of  Acryloid  containing  as  a thliiner,  or  plasticizing  agent,  from  30 
to  50  weight  per  cent  of  a relatively  non-volatile  ester. 

Acrylold-esber  films  have  been  chosen  for  study  on  the  basis 
of  ccmpatibillty  with  the  hydrocarbon  type  of  hydraulic  flxiids  as  well 
as  the  good  low  temperature  properties  of  the  Aexyloid  and  ester  com- 
ponents. Acryloid  films  plasticized  with  mineral  oil  fractions  in  the 
heavy  neutral  and  bright  stock  range  will  also  be  included.  If  these 
stipes  Shaw  sufficlect  promise  for  a viscous  thin  film  preservative  as 
compared  to  the  present  solid  or  waxy  thin  film  preservative,  develop* 
ment  work  on  a polybuitsne  fllia  plasticized  with  hydrocarbon  oils  will 
be  conducted  to  parallel  the  work  with  the  Acryloid-esier  cemposition. 

Vftiile  the  present  Kavy  Iv-raulic  oils,  namely  Spec.  51-?-21 
and  Spec.  51'F-23>  are  hydrocarbon  compositions,  there  are  some  ester 
type  hydratilic  fluids  in  use.  Aexyloid-ester  films  can  be  redissolved 
by  either  hydrocarbons  or  esters,  vitbsut  impairing  sny  of  the  proper- 
ties of  these  fluids.  Accordingly,  this  type  of  preservative  film  can 
be  removed  by  the  simple  expedient  of  circulating  the  operational 
hydraulic  flixid  or  lubricant  through  the  ^stan. 

The  estcn-plasticiccd  Acryloid  film,  for  the  saoe  viscosity, 
can  be  formulated  to  have  a lower  vapor  pressure  th^Ln  faydrocarbon- 
Aciyloid  films,  thereby  reducing  the  less  of  the  film  bf  evaporation. 

Tne  final  film  will  also  ctxitain  on  the  order'  wf  2 to  5 weight 
psr  cent  of  a buoidity  cabinet  type  rust  pre\'entive  together  wltn  a sssll 
amount  of  an  antioxidant.  This  latter  additive  would  prevent  the  film 
from  oxidizing  to  a degree  that  it  was  no  longer  soluble  in  the  hydraulic 
oil  when  the  equip&snt  was  activated. 

There  are  a variety  of  Aciyloids  available  ana  types  can  be 
selected  to  have  goc-d  file  forming  and  adhesive  properties  on  metals  and 
a high  viscosity  to  prevent  excssslvo  drainage  of  the  film  from  vertical 
s'lrfaces.  Acryloid  is  also  a constituent  of  $pec.  51*’F-21  and  setae  Spec. 
51-F-23  hjdraulir  fluids  and  is,  in  general,  coapati^l5  with  mineral  oil 
lubricants.  In  addition,  Acryloia  shows  ^x>d  oxldatio.n  stability  when 
protected  with  ccesacn  anti-erddants  or  oxidation  inhibitors. 
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Acrj'loid  -ype,  as  well  as  Acryloid  molecular  weight,  can  be 
varied.  An  Acryloid  type  that  produces  a hard  "label  lacquer'*  type  of 
finish  has  been  evaluated.  This  material  is  only  sparingly  soluble  in 
m.'neral  oil  ii^draulic  fluids  and  lubricants.  Further  investigations 
’nave  been  confined  to  the  Acryloid  HF  type,  which  is  conventionally 
uctd  in  thickening  mineral  oil  and  estej?-bace  hydraulic  fluids  and 
lubx’icants. 

Tar’*'i  'ess  of  the  film  has  been  evaluated  with  a touch  test, 
xt  r.iuuld  be  c:;:phasiz3d  that  some  degree  of  tackiness  or  stickinecs  will 
bo  encountered  Wj.vh  Acryloid  and  other  polymer  films  vV.I.  improver  types). 
It  is  believed  that  tackiness  as  such  is  secondary  to  the  ease  of  I'e-dis- 
solving  the  film  in  the  hydraulic  fluid  and  lubricant,  and  to  obtaining 
£ui  adequate  film  thickness. 

Qualitative  studies  Indicate  that  decreasing  the  relative 
molecular  weight  of  the  Acryloid  tdJLl  decrease  the  resultant  tackiness 
of  the  film.  Similarly,  these  studies  shew  that  for  a given  Acryloid 
molecular  weight,  increasing  the  concentration  of  a relatively  irczi- 
volatile  plasticizer  component  in  the  fora  of  an  ester  reduces  film 
tackiness. 


It  has  been  found  that  Acryloid  HF  25  plasticized  with  30  to 
50  weight  per  cent  of  dl'2-ethylhexyl  sebacate  results  in  a relatively 
non- tacky  film.  Cai^sitions  in  this  range  have,  Uierefore,  been  studied 
further  in  terns  of  film  thideness  and  as  a base  for  rust  inhibitors. 

A petroleiB  naphtha  of  100*P.  flash  point  has  been  used  as  a 
solvent  for  the  Aczylold  ester  COTipoaitlons.  This  naphtha  is  a'  straight 
run  or  virgin  naphtha  fraction  with  a boiling  range  of  275*  to  336*F. 
and  a viscosity  at  100*F.  of  0.77  centistokes. 

Preparation  of  Test-  Specimens.  The  metal  test  specimens  used 
in  the  film  thickness  and  rusting  work  are  either  Araco  iron  or  5AE 
1010  steel,  16  gage  sheet. stock,  2 Inches  wide  by  3 inches  long.  The 
specimens  are  rough  polished  with  a disc  sander  usli^  first  60  grit  then 
100  grit  Behr  Manning  Speed  Vfot  Metallte  Durabonded  discs.  Tho  final 
polishing  is  done  by  means  of  a motor  driven  vibrator  (Black  and  Decker 
No.  44  sander)  using  first  1/2  then  3/0  Bnery  cloth.  This  polishing 
procedure  is  used  for  all  of  the  test  specimens  for  rusting  and  film 
chickness  studies.  The  final  polishing  with  the  3/0  Snezy  cloth  is 
done  immediately  before  use  of  the  specimen.  Rough  polished  strips  are 
stored  under  Spec.  51-F-21  rust  preventive  hydraulic  oil. 

The  strips,  after  the  final  polish,  are  washed  successively 
in  a good  grade  of  thiophene-free  benzene  and  diethyl  ether,  and  immedi- 
• ately  upon  drying  are  immersed  in  the  test  fluid.  The  weight  of  the 
test  strip  is  determined  xdxlle  immersed  in  a special  weighing  bucket 
filled  with  test  fluid. 

Film  Thickness  Studies.  Some  studies  have  been  conducted  on 
film  thickness  as  a function  of  solvent  concentration,  Acryloid  HF  25- 
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cater  ratio  in  tfie  non-voiatiie  ccs^nent>>  £2»u  tcspsraturc.  To  dete^iaine 
the  filiQ  thidtness,  the  test  specimen  is  first  weired  as  described  above. 
The  test  specimen  is  allowed  to  soak  m tne  fluid  for  15  xoinutes.  The 
history  of  the  test  specimen’s  following  the  soak  period  is  given  in  the 
attached  Table  and  Figures.  In  all  cases  where  a film  thickness  is 
recorded,  the  lest  procedure  includes  wiping  a^r  excess  fluid  drainage 
eff  of  the  bottom  edge  vdth  a clean  Ljcite  scraper.  That  is,  the  file 
thickness  represents  essentially  a unifona  fils,  and  the  bead  of  fluid 
that  cci.ejvs  on  tr«*  ‘y)ttoc  edge  of  the  specimen  during  d-^tirge  i-ot 
incliidc.'  rri  detersir..:  .g  this  value. 

The  effect  of  volatile  solvent  concentration  on  filo  thickness 
is  shown  on  figure  2.  These  data  were  taken  after  24  nours  drainage  at 
roCT  temperature  using  as  the  non-volatile  component  a solution  of  50 
weight  per  cent  Acryioid  HF  25  in  di-2-ethylheagrl  se'oacate.  It  can  be 
seen  ttet  the  fils  LUickness  increases  witn  decreasing  solvent  concen- 
tration. The  fils  thickness  in  this  series  of  tests  is  probably  related 
to  the  viscosity  of  the  fluid  containing  the  solvit  and  the  rate  of 
solvent  evaporation.  For  a given  solvent  concentratim,  film  thickness 
would  be  increased  if  the  rate  of  solvent  evaporation  were  increased  by 
forced  air  circulation.  For  comparison,  Tcotyi  grade  2 gives  a film 
thickness  of  0.0012  (12  x ICrU)  inches,  and  Tectyi  clear  anoer  a film 
thickness  of  O.OCOl  (1  x 10"^)  inches  under  the  same  test  conditions 
The  Tectyi  fllas,  in  general,  are  wajgr  or  solid  films  while  the  Acryioid 
HF  25-di-2-ethylhea5rl  sebacate  filxfts  are  very  viscous  lic^ds. 

The  viscosity  properties  v*  these  films  are  known,  and  composi- 
tions of  this  general  type  have  been  used  as  damping  fluids.  The  vis- 
cosity propezr^ies  of  the  Acryioid  HF  25-di-'2-ethylhe:3yl  sebacate  blends 
(solvent-free)  are  shown  as  a function  of  temperature  on  Figure  3,  and  as 
a function  of  Acryioid  KF  25  cencent ration  on  Figure  4.  The  techniques 
used  in  measuring  these  high  viscosity  values  3r«»  d<*scribed  in  detail 
in  report  PfiL  3«46-Apr49  entitled  VISCOUS  DAMPUC  rliJlDS. 

Tne  effect  of  Acryioid  HF  25  concentration  in  the  non-volalilc 
component  on  fils  thickiwss  is  shown  on  Figure  5*  These  data  are  shown 
after  drairang  at  roo.*a  teinperature  and  also  after  drainage  at  110*F. 

Tiicy  Indicate  that  there  is  little  additional  drainage  for  an  increase 
in  temperature  of  the  test  specimen  from  rooa  teaperatin^  (70®  to  80*F.) 
to  110*F.  There  is  an  increase  in  film  thickness  with  increasing  Acryioid 
KF  25  concentration.  This  is  the  trend  anticipated  on  the  basis  o fluid 
viscosity. 


The  series  of  tests  shown  cn  Figure  t»  iiav^  been  carried  out  to 
detsiaine  the  level  at  which  the  file  thickness  wi)l  be  stabDized.  The 
strips  were  initially  allowed  to  drain  and  evaporate  for  30  zdnutes  at 
room  tui;  to  pensit  the  oulk  of  the  naptha  xo  evaporate.  The 

film  thick.'iess  was  ae^crained  on  one  strip  at  this  point.  This  is  the 
value  shown  for  zero  drilnage  time  or.  Figure  6.  The  remaining  eight 
speciaeas  were  placed  in  a convection  oven  at  110*F.  Periodically,  a 
strip  was  removed  and  the  filn  thickness  determined.  Before  each  weighing 
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the  excess  fluid,  which  had  drained  to  the  bottom  edge  of  the  strip,  was 
removed.  These  data  Indicated  that  a fairly  stable  film  thickness  is 
established  after  about  3 hours  under  these  conditions. 

These  data  show  that  films  of  a thi''Tness  comparable  to 
c.-aamercial  Spec.  MIIr-C-9^'2  pmoucts  can  be  achieved  with  an  estor  plasti- 
cised film. 

P.:;au-d,bllity  nf  Preservative  Fluid.  The  pre^ei'vai  -ve  film  con- 
.uiered  here  4.s  being  designed  particularly  x'or  hydraulic  and  lubricant 
systems.  0ns  consideration  in  such  applications  wovQd  be  the  pmpabillty 
of  the  preservative  ccanpound  through  the  lubricant  or  hydraulic  system. 
Some  thought  has  been  given  to  this  matter.  The  viscosity  range  of  the 
procsrvfitive  compcsitiono  considered  thus  far  are  well  within  the  vis- 
cosity range  of  conventional  lubricants.  The  viscosity  properties  of  two 
compositions  typical  of  those  discussed  are  tabulated  below. 


Preservative  Fluid  Ocmposltion,  Wb.^ 

Petroleum  Naphtha  Di-2-Ethyl- 

So?.Yent Aers'loid  HF  25  hexyl  Sebacate 

50  25  25 

50  LO  10 

Spec.  51-P*21  Hsrdraulic  Fluid 
Spec.  51-F-23  Ifardraulic  Fluid  


Centlstoke 

Viscosity 


at  100»F. 


27 

73 

2S 

U 


This  Laboratory  has  conducted  hyiraulle  pump  tests  using  fluids 
containing  bulk  constituents  of  high  A'olatllity  to  determine  the  effect  of 
hl^  volatility  on  pump  wear.  These  tests  were  conducted  with  a %iock  up" 
hydraulic  astern  using  a Pesco  model  349  gear  pun^.  Tbie  test  fluids  con- 
sisted of  a Spec.  51-F-21  type  hydraulic  fluid  to  idiich  30  weight  per  cent 
of  hexane  was  added  in  one  case,  and  30  weight  per  cent  Isooctane  was 
added  in  the  other  case.  Isoootane  has  a nomal  boiling  point  of  211*F.; 
that  of  hexane  Is  137*F.  Pump  tests  at  100 *F.  under  severe  conditions  gave 
tolerable  wear  values  and  no  operational  problems  in  100  hours  of  testing. 
Tests  with  the  isooctane  fluid  were  conducted  at  180*F.  and  with  the  hexane 
fluid  at  130^F.  for  100  hours  under  severe  pressure  conditions  without 
failure.  Thase  tests  are  described  lA  detail  in  report  PRL  3>35-May47 
entitled  A SUMHART  OF  THE  NEAR  AMD  LUBRICATION  PROPERTIES  OF  KYDR.VJLIC 
FLUIDS  AS  nBTBRHIKED  IN  THE  PESCO  MODEL  349  OEAR  PIMP  AMD  THE  SHELL  FOUR- 
BALL  NEAR  TESTER.  Thus,  it  wculd  appear  that  a preservative  fluid  com- 
prising a blend  of  Acryloid  HF  25  in  dl-2-ethylhexyl  sebacate  with  petro- 
leum naphtha  as  a diluent  can  be  prepared  to  have  the  desired  viscosity 
range  for  hydraulic  system  operation.  In  addition,  it  should  be  operable 
as  a fluid  and  lubricant  for  short  periods  of  time  under  light  loads  with- 
out injury  to  the  pimp  and  other  critical  bearings  in  the  systmns. 

Rust  Teats  Conducted  in  the  Amlnco  Aire  Humidity  Cabinet.  The 
Aminco  Aire  humidity  cabinet  described  previously  in  this  report  has  been 
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op-  • <'cd  at  100  pf*r  cent  relative  hiBnidit7  with  condensation  on  the  steel 
specimens  and  on  the  cabinet  whIIs  for  this  series  of  rusting  tests. 

' a check  on  the  severity  of  the  cabinet,  a series  of  test  flviids 
.-epi  sen  ting  varying  degrees  of  rust  protection  have  been  evaluated. 
Speci-aens  of  SAE  1010  steel  and  cold  rolled  Armco  iron,  polished  in  the 
marinei  desci-ibed  previouslj*,  have  been  .!*>  these  tests. 

The  results  of  these  rust  tests  are  shown  on  Table  1.  Spec. 
fllL-u-  ..'06  and  PRL  3l6l  (a  Spec.  11IL-L-780S  type  synthetic  esteivbase 
lubri'"''t)  do  not  "•ntain  rust  preventives.  Spec.  51-F-21  aiui  51-F-23 
hydraulic  oils  conta.  .i  a nild  turbine  oil  type  of  rust  preventive. 

PRL  3313  is  a synthetic  ester  type  of  gear  lubricant.  It  contains 
0.5  weight  per  cent  of  Ortholem  162,  vhieh  is  a consnercial  alkyl  acid 
phosphate  lubricity  addltlva.  The  Ortholeua  162  apparently  provides  the 
rust  protection  in  this  fluid. 

Ihe  remainder  of  the  fluids  listed  are  mineral  oils  or  esters 
canpounded  to  contain  a humidity  cabinet  type  of  rust  preventive.  The 
rust  preventive  in  all  of  these  fluids  is  believed  to  be  of  the  sulfonate 
class.  The  Intervals  during  which  nst  was  noted  have  some  apparent  lapses 
in  obsarvatior.  times.  These  tine  intervals,  in  most  cases,  occurred  duiv 
Ing  week-ends.  The  lazigest  interval  occurred  over  the  Christmas  period. 

Several  trends  are  evident  from  the  data  on  Table  1.  The  use 
of  mild  r«i«t  inhibitors  of  the  type  mployed  In  Spec.  51-F-21,  Spec. 

51-F-23,  and  in  txirbine  oils  are  not  effective  in  a humidity  cabinet  type 
of  rust.  tost.  There  is  essential-,  no  differentiation  between  Spec.  51-F-21 
with  a mild  rust  preventive  and  Spec.  Mli/-0-5606  with  no  rust  preventive. 

The  fluids  containing  sulfonates  as  the  rust  preventives  show  large 
improvements  in  rust  protection  in  this  test. 

The  rust  protection  afforded  by  the  Spec.  MIlr-0-6085A  require- 
ments under  the  hunidity  cabinet  rusting  procedure  is  of  the  order  of  4 
days  to  a week.  The  rust  protection  obtained,  as  shown  on  Tabxe  1,  is 
much  greater  than  the  minimum  listed  in  the  specification.  This  may' 
indicate  that  the  test  conditions  in  the  PRL  bisnidity  cabinet  may  be 
milder  than  in  some  other  humidity  cabinet  tests.  Attempts  should  be 
made  to  correlate  interiaooratory  test  severity  with  several  reference 
fluids. 


Current  wozk  shows  rust  preventives  capable  of  tolerating  the 
humidity  cabinet  conditions  can  be  readily  distinguished  from  mild  rust 
preventives,  or  no  rust  preventive  at  all.  A further  distinguishing 
characteristic  between  a good  rust  preventive  oil,  and  an  oil  with  little 
or  no  rust  preventive  characteristics,  is  the  amount  of  rusting  noted  for 
a comparable  time  interval  after  the  first  raoting  is  discerned.  Rusting 
of  the  specimen  with  a non-additive  oil  is  quite  rapid  and  widespread. 
Rusting  of  the  specimen  with  a humidity  cabinet  rust  preventive  is  very 
slow  by  comparison  with  the  non-additive  oil.  As  Indicated  In  the  data 
on  Tabrce  1,  e single  rust,  spot  in  the  significant  area  may  be  the  only 
sign  of  rust  for  several  hiaidred  hours  of  test  time.  This  points  up  the 
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vslue  of  a quantitative  meaainre  of  rueting.  Some  Wijic  along  these  lines 
will  be  discussed  in  a subsequent  paragraph  of  this  report. 

Hie  synthetic  gear  lubricant,  PRL  3313,  evaluated  in  the  his&id- 
i\7  cabinet  shove  good  rust  protection.  The  PEL-  3313  oompositlon  contaips 
OTuj  0.5  weight  per  cant  of  a ccomercial  acid  phosphate  (0rtho3.uen  162) 
in  tddition  to  the  constituents  of  the  aynthetic  lubricant  designated 
^l6l.  PRL  3161  does  not  show  good  humidity  cabinet  rust  protection. 

It  ha.o  been  noted  that  acid  phosphates  and  acid  phosphites  have 
been  studied  as  corrosion  preventives  by  the  Amour  Bssecxch  Institute 
under  an  Air  Force  Contract.  In  general,  the  acid  phosphates  and  phos- 
phites were  rated  as  relatively'  ineffective  rust  preventives.  This 
Laboratory  has,  therefore,  studied  the  rust  protection  of  synthetic 
eater-base  Ivibrlcants  containing  alkyl  acid  phosphates  and  alkyl  acid 
fdiosphltes.  Some  of  the  test  results  froia  this  survey  are  shown  on 
Table  2.  It  is  apparent  from  these  data  that  freshly  prepared  estisc 
blends  containing  acid  phosphates  and  acid  phosphites  are  not  effective 
rust  preventives  in  the  iiumidity  cabinet  tests. 

The  blends  ecntainlng  the  acid  phosphates  and  acid  phosphites 
all  show  increases  in  neutralisation  number  on  storage  at  rocm  temperat\ire . 
The  original  PRL  3313  fomulatlon  that  showed  good  hiaddlty  cabinet  rust 
protection,  was  a sample  idilch  had  been  stored  for  about  a year,  and  had 
InciuTred  during  this  storage  a neutralisation  number  increase  of  about  5 
■g.  KQH  per  gram  of  fltiid.  Several  blends  containing  alkyl  acid  phosphites 
were  evaltiated  after  storage  anJ  found  to  be  good  rust  preventives  in  the 
humidity  cabinet  test.  It  can  be  noted,  however,  that  the  effectiveness 
as  a rust  preventive  appsars  to  be  a function  of  neutralization  number 
Increase  rather  than  storage  time.  Thus,  samples  containing  secondary 
alkyl  acid  phosphites,  which  show  good  neutralization  nimiber  stability  on 
storage,  are  ineffective  as  rust  preventives  after  storage. 

It  has  been  found  in  simple  hydrolysis  tests  that  alkyl  acid 
phosphates  and,  to  a lesser  extent  alkyl  acid  phosphites,  can  act  as  a 
catalyst  to  hythxilyze  the  ester  linkages  of  tlw  ester  base  stock  to  make 
an  acidic  cooqponent. 

Peirfluorobutyric  acid  is  an  additive  >diich  has  the  same  general 
effect  on  the  hydrolysis  of  an’ ester,  but  does  not  Involve  the  presence 
of  phosphorus  in  the  additive  molecule.  It  can  be  seen  on  Table  2 that 
the  blend  containing  1.0  weight  per  cent  perflxiorobutyrlc  acid  behaves 
the  same  wsy  as  the  blends  containing  the  acid  phosphates  and  acid  phos- 
phites. That  is,  a fresh  blend  has  essentially  no  zust  preventive  proper- 
ties idiile  a stored  sample,  which  has  an  increased  neutralization  number, 
does  e^diibit  good  rust  preventive  properties  in  the  hvmldlty  cabinet  rust 
test. 


Thus,  it  appears  that  the  effective  rust  preventive  is  a soluble 
acidic  material  fomed  from  the  ester  base  stock  Itself.  This  is  not 
unreasonable  since  compounds  like  lauryl  acid  maleate  have  long  been  known 
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to  be  mst  preventives,  and  certain  dibasic  acids  are  excellent  metal  de- 
activators and  metaj.  coat  era  '^n  oxidation  and  corrosion  studies.  The 
effect  of  the  acidic  ccmponetj*^  in  the  stored  samples  as  well  as  its 
idorMty  deserves  more  stu-dy.  The  preservative  films  being  st\:died  for 
appiiv'ation  to  hydraulic  and  lubricant  systems  contain  the  same  ester 
ar.d  Ac-yloid  as  the  synthetic  gear  lubricants  on  Table  2. 

Praligd::anr  Tests  with  Acrvlold-Ester  Films.  Rusting  tests 
nave  bi,  .»  conducted  '.n  the  ester-nlasticlzed  Acrylcid  fi.’.T?  '.dthout 
additi’ ■*? . These  are  shorn  on  Table  3.  They  indicate  that  in 
the  hvcldity  cabinet  -as"  there  is  1*0  appreciable  protection  from  rust 
by  the  Acryloid  fiija  vd.tlkjut  additivss. 

Several  tests  on  A::ylcid  films  with  sulfonate  type  rust 
inhibitors  are  shown  on  Table  3 l^ese  tests  are  still  in  progress. 

The  results  of  the  piotection  achieved  by  conventional  sulfonate  type 
prsvcntivco  in  a plasticiviiiQ  Acryloid  riJm  appear  promising. 


Quantitative  Rust  Test  Studies.  Some  woric  has  been  done  to 
evaluate  quantitatively  the  amoui'.t  of  rusting  obtained  on  the  test  strip. 
Studies  of  this  t3rpe  have  been  conducted  previously  by  this  Laboratory 
in  conjunction  with  a modified  turbine  oil  rust  teat.  These  earlier 
studies  are  given  in  report  FRL  3.2S-Jan47  entitled  DEVSLOJPMENT  OF  AN 
IHPROVED  TEST  FOE  EVALUATING  RUST  rHEVEHTiJWl  CHARACTERISTICS  OP  FLUIDS, 
LUBRICANTS,  AND  ADDITIVES.  Briefly,  the  quantitative  procedure  consists 
of  weighing  the  polished  steel  strip  before  the  rust  test,  subjecting 
the  strip  to  rusting,  pickling  the  ..^Tted  strip  in  an  inhibited  acid 
solution  to  dissolve  only  the  rust,  and  than  reweighing  the  strip.  The 
amcUiit  of  rusting  is  detenained  by  the  difference  in  spscimen  or  strip 
weight  as  obtained  from  the  two  weighings. 

The  following  is  a bjr*3f  doscriction  of  a typical  cet  of  test 
conditi(xis  for  pickling  a specimen  taken  from  the  hunldity  cabinet.  The 
specimen  is  Imsersed  for  30  minutes  in  180  ml.  of  the  pickling  solution 
m^ntalned  at  a temperature  of  ?0*  to  80*F.  The  pickling  .solution  con- 
tains fdiosphoric  and  hydrochloric  acids  with  acridine  as  a pickling 
inhibitor;  it  is  13.$  noraal  with  respect  to  frfiosphoric  acid,  3*6  normal 
with  respect  to  hydrochloric  acid,  and  0.009  molar  with  respect  to 
acridine.  The  metal  specimen  is  removed  from  the  pickling  solution, 
washed  with  distilled  water,  and  then  with  acetone,  air  dried,  and 
placed  inmedlately  in  a tared  weighing  contaixier  u^er  a mineral  oil  to 
prevent  rusting  of  the  active  siirface  formed  by  the  pickling.  The 
cleaned  strip  is  then  weighed.  The  difference  in  weight  between  this 
final  weighing  and  the  weight  of  the  polished  strip  before  the  rust 
test  Is  reported  in  terns  of  milligrams  of  weight  loss  per  square  centi- 
meter of  surface. 

Results  of  pickling  both  unrusted  strips  and  strips  that  have 
been  subjected  tr-  the  hranldity  cabinet  rust  test  are  shown  on  Table  4. 

The  weight  loss  fresn  a freshly  polished  stilp  in  the  pickling  procedure 
has  been  determined  to  be  between  0.10  to  0.15  mg.  per  sq.  cm.  for  both 
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the  GAS  ICIC  utccl  :ind  Airacc  iron  test  specljnens.  On  the  basis  of  past 
experience,  values  of  0.10  to  0.30  can  be  classed  as  light  rusting,  0.30 
to  0.60  ss  ffioderate  misting,  and  above  0.60  ns  heavy  rusting.  In  general, 
ttn  quintitative  value  agrees  with  the  visual  observation.  '*nere  are  some 
diacre:>mcie3,  particularly  in  the  case  of  inhibited  fluids.  These  dis- 
crepansies  between  the  quantitative  xsasurement  and  visual  eval\iatlon  are 
probably  due  to  the  difficxilty  in  estinatiiig  v^.3ually  the  depth  of  the 
r"3t  and  corrosion.  These  quantitative  rust  determinations  show  promise 
: C“’'‘  ning  better  the  degree  of  rusting. 

Modified  Turbine-011  Rust  Test.  Some  pi’evioue  work  on  a modified 
turbine  oil  rust  test  may  be  of  considerable  interest  in  the  current  PHL 
rust  evaluations.  These  tests  are  described  in  PiNsgresa  Reports  issued 
by  this  Laboratory  under  Contract  NOrd  7958(8) . Reports  PRL  2.36-Jan49 
and  PRL  2.40-Kay49  are  two  such  reports  containing  pertinent  information. 
Data  arc  given  on  water  leaching  and  water  erosion  in  xnisting  tests  con- 
ducted in  the  piM'sence  of  high  concentrations  of  liquid  water  and  small 
quantities  of  preservative  oil.  These  tests  showed  that  some  rust  pre- 
ventives could  be  leached  from  the  oil  phase  by  liquid  water  and  yet  the 
rusting  of  steel  specimens  placed  In  the  water  was  prevented  without  being 

in  direct  contact  with  oil.  ^ 

* 

Conclusions.  The  ester-plasticized  Acryloid  HP  25  film  exhibits 
desirabi.e  properties  for  a thin  film  type  of  pi'eservative.  A satisfactory 
film  thickness  can  be  achieved  without  undue  film  tackiness.  The  solubility 
of  additives  in  the  ester- plasticized  Acryloid  film  is  also  good.  Vis- 
cosities in  the  lubricant  range  can  be  achieved  by  petroleum  naphtha  solu- 
tions of  the  ester-plasticized  ac^/loid  film.  On  the  basis  of  data  on 
compositions  having^  similar  lubricity  and  volatility  properties,  the 
petroleum  naphtha  solutions  of  estex^plasticized  Acryloid  should  afford 
adequate  lubrication  for  short  time  operation  of  hydraulic  jand  lubricant 
systems  \mder  moderate  loads  and  teaperatr  res. 

The  Amlnco  Aire  160  hunidity  cabinet  is  operating  satisfactorily. 
The  severity  of  tests  in  this  cabinet  has  not  been  evaluated,  or  calibrated, 
on  an  interlaboratozy  basis.  The  unit  appears  capable  of  distingtilshlng 
readily  between  no  rust  preventive  and  a good  humidity  cabinet  type  of 
rust  preventive. 

m 

The  esteivplastlcized  Acryloid  films  are  not,  by  themselves, 
.adequate  rust  preventives  as  Judged  by  these  humidity  cabinet  tests. 

However,  the  ester-plasticized  Acryloid  films  show  good  susceptibility 
to  rust  preventives. 

» 

lire  effect  of  alkyl  acid  phosphites  and  phosphates  on  stored 
ester^basc  compositions  indicate  that  an  acidic  product  of  the  ester  is 
an  effective  rust  preventive.  This  behavior  of  the  ester-plasticized 
Acryloid  films  will  be  investigated. 

The  use  of  a pickling  prxjcedure  to  remove  rust  quantitatively, 
without  disturbing  the  unrusted  surface,  warrants  further  study.  This 
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quaiititi£.tive  ncasure  of  rusting  caphasizcs  differences  in  the  degree  of 
r^iSting  that  arc  net  adequately  brought  out  by  visual  observation  alone. 
The  quartitar-ive  rust  measurecent  is  being  docigned  to  cosplesent  ohe 
visual  ebser/aoion  and  not  as  a replaceaent  for  it. 
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Figure  2 

EFFiCT  OF  VOLATILE  SOLV^iT  COlsCamiATIOH  ON  FIIFl  TKICKMSSS 

T:s:  CCSJiTIOSS:  2x5  IXCr-  STtCt  STRffS  tOASCt  *}i  ItST  a:,:S  ?OR  15  KiK«TC3  AXD 
^LGVEO  TO  ORAIX  AT  «OOK  T£)«KMTVf<t  FM  24  KOyRS, 
jN.VSUTIL£  flw**  - 50  VT.>  ACRYUiO  Hf.>25  IN  0l-2^T(iruiCXTL  S£0*»ic 
TEST  FLbiw  - iVwiCATCO  P£R  CCNT  ST  pAH  >OwATtU  FILM  <k  VdlATlU  SU^laT 
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Figure  5 

EFFECT  OF  ACRYLOID  HF’-25  CCWCENTRATION  Ohi  FUM  THICKNESS 

TEST  CONDITIONS;  2 X 3 INCH  STEEL  STRIPS  SOAltED  IN  TEST  FLUID  FOR  15  MINUTES} 
ALLSUEO  TO  DRAIN  AT  ROOM  TEMPERATURE  FOR  2.5  HOURS;  AND 
PLACED  IN  CONVECTiOH  OVEN  AT  I IO«F.  FOR  2 ADDITIONAL  HOURS. 

non-volatile  film  AS  INDICATED 
TEST  FLUID  - 50  VT.i(  NON-VOLATILES  IN  VOLAI  iLE  SOLVEKT 


O - AFTER  2.5  HOOPS  DRAINAGE  TIME  AT  ROOM  TEMPERATURE 
A.  AFTER  2 ACDITiONAL  riC'JflS  DRAINAGE  TIME  AT  IIU^F. 


Per  Cent  Acryloid  HF-25  in  Non-Volatile  Film 
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Figitre  6 

EFFECT  OF  DPAINASE  TIME  OH  FllK  THICKNESS 


TEST  CONOITIONSr  i A ) IMCii  sIEEL  STRIPS  SOAKED  IN  TEST  FLUID  FnR  15  MINUTES; 

allowed  TO  drain  at  room  TEMPERATURE  FOR  30  MINUTES;  AND 
PLACED  IN  CONVECTION  OVEN  AT  IIO*F.  FOR  TIME  INDICATED. 


mOn-volatile  film  - 50  VT.^  acryloio  hf.25  in  DUP^THYLHEXYL  sesacate 

TEST  :^L>|D  x 70  WT.^  NON-VOLATILES  IN  VOLATILE  SOLVENT 
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HUSTIMG  CHARACTEKISl’ICS  OF  SOiE  HTDBAULJC  FLUIDS  AND  LUBRICANTS 

TEST  CDNDITIOW:  TEST  ItlfPERATURE  - ISO-F.;  KUYlVC  HUHIOITV  - IOOj({  TEST  SPCCIMEHS  - 2 X ^ INCH  BY  i6  GX6C  STHtPS  9F  METAL  INOICATEO. 
SPECIMEIB  SOAKEI)  111  TEST  OIL  FOB  15  HtlllfTCS,  OMINEC  AT  WKIII  TtMPf  BAVttir.  FOR  2 MOBBS,  AMP  PUCED  111  AMlMCt  AIRE  i 6o  HUMIDITY  CAti I HE T . 
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Fim  THICKNESS  STUDIES  WITH  ACFILOID-ESTER-IOLATILE  SOLVENT  BLENDS 
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